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THE COMPUTER AND ITS APPLICATION TO LLOYD’S REGISTER 


By B. K. BATTEN 


INTRODUCTION 


The development of the computer as a management tool, 
rather than a sophisticated machine, has given a new impetus 
to an otherwise commercially complacent world. Executives 
base their decisions on information such as operating costs, 
inventory levels, sales and statistics. Other things being equal, 
the man with the greatest amount of accurate business data 
at his command has the greatest competitive edge over his 
business rivals. This can, and is being achieved by using 
computers for accurate, ultra-fast data-processing. Together 
with this comes a new sense of urgency at the human level. 
A higher rate of working—with its attendant ‘coronaries”’— 
is forced upon us, and all to satisfy the maw of machines 
which swallow data at thousands of digits per minute and 
produce replies at up to 20 lines a second! Has one of these 
machines a place in Lloyd’s Register and, if so, where? As a 
non-profit making organisation whose success, or failure, can 
only be measured in terms of the service our clients feel they 
are, or are not, receiving, we are not subjected to the same 
pressures as our commercial colleagues. Nevertheless we are, 
in our unique sphere, competitive in the type of service we 
can offer and cannot, therefore, afford to neglect any oppor- 
tunities for improvement. 

The concept of data-processing involves the manipulation 
of facts and figures according to a predetermined plan, to 
produce new, more desirable information. Whether a complex 
mathematical calculation or a simple piece of logical process- 
ing is being considered, three basic operations are always 
involved : — 

(1) Input—the introduction of all data to be analysed. 


(2) Processing—the manipulation of the data according to 
the program. 
(3) Output—the presentation of results in an acceptable and 
usable form 
and the fundamental criterion for successful data-processing 
is that the output should contain nothing superfluous. The 
manner in which a computer handles data is humanly 
designed, and a computer operation can only be as efficient 
as the system designer and programmer have made it. 
Consider an electricity account. Electricity, available on 
demand, is metered, and it is the difference in meter readings 
coupled with the unit rate that gives the amount due, supple- 
mented by discounts or outstanding accounts. Whether this 
is prepared by hand, calculating machine or computer the 
same procedures must be followed, and certain common 
elements must be present: — 


(1) Arithmetic—to perform the calculation. 

(2) Memory—to hold information while in process, and to 
refer back to previous records. 

(3) Control—the ability to determine what should be done 
with the data at each stage of processing. 

(4) Feedback—the ability to return certain items to be used 
as input in a subsequent operation. 

Whereas the procedures and composite elements of this 
Operation are common, the methods of implementation are 


not. An accounts clerk can only do one thing at a time and 
two or three people would be required to effect a continuous 
flow of accounts to be rendered to customers. A computer, 
however, can, by interphasing or buffering, handle two or 
more jobs simultaneously. It can be reading the meter figures 
for customer “C” while calculating the bill of customer “B” 
and preparing the account of customer “A”. Furthermore, 
given the correct data input, it will produce the right final 
accounts and at a speed far in excess of the finest typist. 


It is undoubtedly the cry of “speed and accuracy” that 
makes computers so attractive. Early in 1965 there were 
nearly 1,300 computers operating in the United Kingdom, a 
figure that is far exceeded today, and it is certain that an 
organization which sells its “service” cannot afford to be 
without such a versatile tool. But what effect does this have 
on internal structure and personnel? In two words—re- 
organisation and redeployment. Understandably, and here 
we are looking at computer users as a whole, some jobs will 
disappear, more so in the field of accountancy than perhaps 
in others. In other fields ‘told dogs” will need to learn “new 
tricks”, and there will be a tremendous need for clear, logical 
thinkers, and for people who can accurately turn incoming 
facts into input data. This is the price of progress, and there 
are few who would deny it is a small price to pay for con- 
siderable benefits. But Lloyd’s Register cannot be categorized 
into any of the known forms of business operation. We are 
neither sellers nor buyers, manufacturers nor merchants, and 
we staunchly defy the efforts of computer wizards to mould 
us into one of their packaged projects. The future of the 
Society with its computer will be discussed later, but suffice 
to say now that in spite, or perhaps because, of our non- 
conformity we must be prepared to be even more flexible in 
our approach to reorganization. To airily wave a hand over 
one department and consign it to the computer is, for the 
people within it, just the beginning of a period of intensely 
arduous work. It is to look through and beyond this stage to 
a hopeful Utopian future this paper is dedicated. 


HISTORICAL 


Early business was simple and uncomplicated. A man, with 
his family, bought goods at one price and sold them for a 
little more. From the difference he kept his business running 
and made his profit. His “books” were of the simplest, credit 
was an affair for memory and honour, taxes were usually 
levied from outside rather than calculated from within. Yet 
there were drawbacks, for the business could grow no larger 
than a man’s capacity to control its affairs. In the passage of 
time the small man was largely swallowed up by the big 
enterprises able to operate on cut prices, marginal profits and 
a heavy turnover. They, in their turn, with charge accounts, 
credit schemes, and other services all requiring paper-work 
and control, now look to data processing as a means of keep- 
ing overheads down while increasing efficiency. 

Surprisingly, computing devices did not develop as a result 
of this acceleration in business for, in their basic form, they 
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were there already! The abacus (Fig. 1) which is a simple 
type of digital’ computer was used in the Valley of the 
Euphrates in 2000 B.c. and is still used there today. 


FIG. 2A 


Pascal’s Calculator 
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Step-by-Step Calculator 


In 1901, off the Greek Island of Antikythera, divers found 
an analogue type of computer? dating from the Ist century B.c. 
Such machines, subject as they were to human error, served 


A digital machine is one which internally 
increment basis 

An analogue machine internally 
variable basis, i.e. a slide-rule 


represents its variables on a discreet 


represents its variables on a yntinuous 


their purpose up to the 17th century. In 1642 Blaise Pascal, 
French philosopher and inventor, constructed an adding 
machine designed around decimal counting gears (Fig. 2(a)). 
The gears were connected in series so that a full revolution 
of one gear wheel would advance its left-hand neighbour by 
one digit. Subsequent refinement replaced gears by toothed 
and spiked wheels (Fig. 2(b)) so that step by step advance- 
ment of the tens, hundreds, etc., was achieved. This system 
established the basic principle used today in adding machines, 
desk calculators and cash registers, though improvements in 
design and electric powering have greatly increased the speed 
of their operation. 

In 1671 Gottfried Liebnitz exhibited a machine that 
expanded on Pascal’s invention and which could subtract, 
multiply, divide, and extract roots. 
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Babbage’s Analytical Engine 


In 1883 Charles Babbage, working at Cambridge University, 
made the first major advancement in computer development 
with the design of first a “difference engine” and subsequently 
an “analytical engine”. Unfortunately, the technology of the 
time was not equal to Babbage’s advanced thinking and, in 
spite of financial aid from private and government sources, 
the potential of this invention was not realised. Babbage, who 
had prepared the hundreds of detailed drawings covering all 
parts of this machine, proposed to use it for correcting the 
astronomical tables of the day, an offer which rather upset 
the Astronomer Royal and may have accounted for some lack 
of support! The one person who most clearly understood 
Babbage’s work was Lady Lovelace, daughter of the poet 
Lord Byron. Herself a brilliant mathematician, she was 
certainly the world’s first programmer, and planned problems 
for the analytical engine. She also found one or two errors 
in Babbage’s original calculations which he acknowledged 
when revising plans for the final model of the engine. This 
analytical engine, which used punched cards as its input was 
capable of calculating, branching (selecting from alternatives), 


and sequential operation—undoubtedly the forerunner of the 
modern computer (Fig. 3) 

The use of punched cards was rediscovered before 1900 by 
Dr. Hollerith who devised many machines for mechanical and 
later electrical sorting and tabulating of data contained on 
such cards. 

In 1925 built a Differential 
Analyser by mechanical 
power. Bush soon came to realise the magnitude of the power 
losses in a geared system and his machine was not developed. 
The following year Dr. L. J the 
Greenwich Observatory, used a Burroughs posting machine 
and a punched card system in order to compute the moon’s 
position at any time up to the year 2000 A.D. 

In 1945 Dr. Aitken, of Harvard, built “Mark I” operating 
on the principles of Babbage’s machine, and the following 
year saw the first experimental modern computer “ENIAC” 
built by the University of Pennsylvania. A year or two later 
Europe’s first computer, the “ESDAC” was completed at 
Cambridge University, and with this machine, computers, as 
we know them, had arrived. 
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MODERN COMPUTERS 


|. Development 


The past decade has seen a tremendous advance in com- 
puter technology. The University computers ENIAC and 
ESDAC used vacuum tubes to handle the switching and 
control functions previously entrusted to relays, resulting in 
a thousandfold speeding-up of computation. 

Another major development almost concurrently with the 
use of electronics was embodied in the “stored program 
computer’. At the start, machine instructions had been pro- 
grammed on interchangeable control panels, cards, or paper 
tapes. Detailed instructions had to be plugged in or read into 
the machine as the work progressed. Data was processed in 
accordance with these pre-set instructions, and only in a 
limited way could the computer from the fixed 
sequence of its program. Clearly these techniques inhibited 
the performance of the computer, and it was proposed the 
computer should store its program in a high-speed internal 
memory or storage unit. Thus it would have immediate access 
to instructions as rapidly as it called for them, and, with the 
ability to process the program in the same way as other data, 
it could modify its own instructions as dictated by develop- 
ing stages of work. 

This feature was first incorporated in computers in 1948, 
and with the extension of the principle it became possible for 
a computer to part of its own 
decisions and of modifying instructions, the computer now 
could relieve the user of a great deal of repetitive and costly 
programming. 

In the early 1950’s computers were used more for process- 
ing business data and day-to-day transactions, and_ this 
directed the attention of manufacturers to the twin problems 
of input and output. Punched card and paper tape methods 
were complemented by magnetic tape, where input and output 
could be contained as magnetized spots on sensitized tape. 
This technique brought about an increase of input speed up 
to 70 times that of punched cards, and incidentally, provided 
enhanced storage facilities. At the same time magnetic core 


Storage appeared to supersede earlier storage devices. In this, 
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Magnetic Core Plane 
cores comprising a small ring of ferromagnetic material 


strung on a network of fine wires (Fig. 4), could be made up 
into a high-speed internal storage system. Items of informa- 
tion were represented by an array of cores—some magnetized 
in one direction and some in the other—while retrieval was 


of the order of a few millionths of a second. 
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Computer Components 


Although different manufacturers varied by detail in the 
systems they developed, basic processing units and peripherals 
had much in common. Card readers, punches, line printers, 
discs, character readers, etc., all became necessary adjuncts to 
basic processing. The search was continually directed towards 
“speed”, and developments in pulse electronics and solid state 
physics led to improved components. Vacuum tubes were 
proving embarrassing by their size, power consumption, and 
heat generation, and eventually a change to transistors led to 
the creation of what were termed “Second Generation” com- 
puters. 

The next technological advance miniaturised and refined 
components and led to a concept known as “Solid Logic 
Technology”. The use of these components (Fig. 5) ushered 
in the “Third Generation” of computer of which the IBM 360 
is a typical example. Development in circuitry is by no means 
finished—the newly announced English Electric System 4 
being technically still further advanced. 


2. Basic Principles 
(a) INPUT 


The presentation of data to the computer may be compared 
with the communication of an idea to another person by 
letter. At the human level the intelligence to be conveyed 
must be reduced to a set of symbols—the English language. 
For the computer, data must be reduced to a set of symbols 
that can be read and interpreted by the data-processing 
machines. 


FIG. 6 
Mark-Sense Form 


Information for the computer can be recorded on six 
media: punched cards, paper tape, magnetic tape, magnetic- 
ink characters and optically recognisable characters and 
marked forms. With cards and paper tape, holes punched in 
specific locations and figurations represent data. With mag- 
netic tape the symbols are small magnetized areas arranged 
in specific patterns. Magnetic ink and optical characters of 
special shape are printed on paper and may be read by both 
man and machine (viz.: cheque book numbers). Mark-sensing 
depends on specially designed forms with the meaning of each 
mark position predetermined (Fig. 6). Each medium requires 
a coded arrangement of symbols to represent data. 

The input devices attached to a computer system—known 
as “peripherals’—are machines designed to sense and read 
information from one of these media and convert it to an 
electronic form that can be used by the processing unit. 
Within the computer data is held in many components, 
vacuum tubes, transistors, magnetic cores, etc., and it is the 
electrical state of these components that define the data held 
in them. Computers function in binary mode, that is, the 
computer components can only indicate two possible condi- 
tions, “on” or “off”, “conducting” or “non-conducting”, 
“magnetized” or “non-magnetized”, these conditions also 
being known as the “Il” state and “O” state or, in computer 
language, “bit” and “no-bit” (Fig. 7). 
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Representation of data is accomplished by associating 
specific values with a group of binary indications. Fig. 8 
shows a series of four light bulbs to which arbitrary decimal 
values of 1, 2, 4 and 8 have been assigned. By arranging the 
combinations of lights “on” or “off” decimal values of 0 to 
15 can be represented (Fig. 8 shows a value of 5). Using this 
system a number such as 265498 would have the binary repre- 
sentation 001001000101010010011000. Furthermore, we may 


Fic. 8 IBM 
Representing Decimal Data 


now allot number-combinations to letters of the alphabet and 
other symbols and represent them in binary code. 


i.e. A can be known as 12-1 or 1100 0001 
P can be known as 11-7 or 1011 OI11 ete. 


The system used to represent data is known as a code, of 
which there are many in operation peculiar to each computer. 
Most codes are self-checking in that the computer checks the 
validity, but not necessarily the accuracy, of all data before 
processing. A parity check for instance may, by the use of an 
extra bit in the group, ensure there are always an odd number 
of “I” bits present. 


(b) STORAGE 


A computer requires storage devices readily available for 
holding 


(1) The instructions to direct the central processing unit 
(CPU): 
(2) Data read from input or awaiting output. 


(3) Reference data, tabulating, etc., associated with proces- 
sing. 

Devices available include core, data cell, magnetic disc, and 
magnetic drum. When fresh information enters a location it 
replaces the previous contents of that location. Once stored, 
however, the data may be used many times until it is “over- 
written” by a fresh entry. The computer requires some time 
to locate and transfer information to and from storage and 
the brevity of this access time is a measure of the efficiency 
and economy of the computer. Core storage is the most 
expensive device in terms of cost per storage location but 
provides the fastest access time. Disc storage is much slower 
in access time but has a tremendous storage capacity’. 

A magnetic core is a ring of compressed ferric oxide and 
other ferromagnetic materials measuring only a few hun- 
dredths of an inch in diameter. It has the characteristic of 
being easily magnetized in a few millionths of a second and 
retaining such magnetism indefinitely unless deliberately 
changed. If these cores are strung on a wire and a strong 
enough current is sent through the wire the cores become 
magnetized (Fig. 9). Reversal of the current direction reverses 
the polarity of the core (Left-hand Rule), and these two states 
form the basis of binary storage of information. To accom- 
plish selection of a core, two wires run through each ring 


‘ For this reason core storage is always used as the ‘‘working store’ in a 
computer system, while disc, tape, drum, etc., comprise the ‘*backing store’’. 


Current is removed; 
Core remains magnetized 
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Magnetising a Core 


(Fig. 10) at right angles to each other. When half the current 
needed to magnetize a core is sent through each wire, only 
the core at the intersection of the wires is magnetized, no 
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Selecting a Core 


other core in the string being affected. Thus cores can be 
arranged in planes which can in turn be stacked up in block 
form (an array) with the certainty they can be individually 
handled. 

Under operating conditions the magnetizing current comes 
as a pulse which is said to “flip” the core to a positive or 
negative state depending upon the direction of current flow. 
If the magnetic state of a core is reversed by the pulse, this 
abrupt change induces current in a third wire running through 
the centre of the core (Fig. 11). Only one sense wire is needed 
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Core Sense Wires 


for an entire core plane (Fig. 12) as only one core in a plane 
is tested at a time. To read a group of cores the computer 


SENSE WIRE 
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Sense wire in Core Plane 
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tries to generate an “O” in each core sequentially. If this 
brings no response from the sense wire there has been no 
change, but an induced core flip sends a current through the 
sense wire indicating the core state was originally “1”. But, 
to retain data in storage the computer must replace 1’s in 
cores that were originally 1’s. To regenerate the 1’s the com- 
puter automatically tries to write back l’s in all the loca- 
tions; at the same time the inhibit pulse is sent through a 
fourth wire suppressing the writing pulse in one of the two 
wires passing through cores originally containing O’s (Fig. 13). 
As this is done core by core, it is enough that one inhibit wire 
runs through every core in a plane. 
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Magnetic drum, and dise storage systems, serve well for 
random, rather than sequential, information retrieval. The 
drum is a cylinder whose outer surface is coated with mag- 
netic material, and rotates at constant speed. Information is 
held as small magnetized areas on the drum and recorded and 
retrieved by read-write heads suspended at a very slight 
distance from the periphery of the drum. The heads (Fig. 14) 
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Read Coil 
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Drum Recording 


contain coils of fine wire round tiny magnetic cores. By send- 
ing a pulse of current to the write coils a magnetic field is 
set up and the area of drum under the field at that instant 
is magnetized. Conversely, by passing magnetized spots under 
the read-head a pulse may be generated in the write coil. The 
magnetized area on the drum will remain indefintely until 
deliberately de-magnetized. Each drum has a specific number 
of storage locations available, each of which is uniquely 
addressable by the computer. 

Disc storage provides the ability to record and retrieve 
stored data sequentially or randomly, permitting immediate 
access to specific areas of information without the need to 
examine sequentially all recorded data. Magnetic tape opera- 
tions do not have this ability and a search must always start 
at the beginning of a reel and proceed through all records 
until the desired one is found. A typical disc pack comprises 
six thin metal discs coated with magnetic recording material 
The top and bottom surfaces of the pack remain uncoated, 
thus giving ten recording surfaces. The read-write heads are 
mounted on a hydraulically controlled access mechanism 
which has five arms, arranged like the teeth of a comb, which 
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move in and out together horizontally between the discs. Each 
disc surface contains 200 cylindrical tracks thus giving an 
available 2000 tracks per pack. In terms of “units” of storage, 
each pack contains 7} million locatable positions. Items are 
normally written on to the tracks consecutively, going round 
one track until it is filled and then continuing on the next 
lower one. It is this which permits very fast serial reading of 
a stored program. Once the heads have moved to the right 
initial position, the “live” head merely remains switched on 
while the discs rotate. If the program continues on to the next 
lower track, the next head is switched on and the first one 
switched off. The heads themselves do not have to move 
unless the program continues beyond the end of the lowest 
track (No. 10), when they all move-in one track and reading 
starts again from the top (Fig. 15). 

A recent development with an immense storage capacity is 
the data-cell. This consists of 2000 strips of magnetic tape, 
each 13 in. by 2 in. which can be selected and wound on to a 
reading drum at incredibly high speed. Having been read the 
tapes are dropped back into their housing. Although, not sur- 
prisingly, only a third as fast in retrieval as an average disc 
unit, its capacity is 400 million “units” of data! 


(c) THe CENTRAL PROCESSING UNIT (C.P.U.) 


Although different computers employ different methods of 
internal organisation and operation, they share certain fea- 
tures. Instructions, addressing schemes and methods of data 
manipulation are similiar in all of them. The central process- 
ing unit is, as it were, the heart of the computer. From a 
functional viewpoint it consists of two sections: control and 
arithmetic-logical, and it uses core storage in order to hold 
instructions and data to be used during processing. 


The control section directs and co-ordinates all operations 
called for by instructions. The section contains storage pro- 
tection circuitry, which prevents a program in use being 
overwritten, and an internal timer which prevents continuous 
“looping” when testing parts of a program. It also contains 
the all important “Supervisor”. The supervisor circuits, as 
the name implies, keep the operation of the computer in 
full swing calling for control programs, operating programs 
and data. It also handles interrupts due to machine checks, 
program interrupts, input—output interrupts and_ similar 
problems. 


The arithmetic-logical section contains the circuitry to 
perform arithmetic and logical operations. Much of the 
arithmetic work is done in “registers” which are small storage 
devices within the C.P.U. capable of receiving, holding and 
transferring information as directed by the control section. 
tegisters are named according to their function: an accumu- 
lator accumulates results; a multiplier-quotient register will 
hold either such figures ; the address register holds the address 
of a storage location; while the instruction register holds the 
instruction currently being executed. The more important 
registers of a system, particularly those involved in normal 
data flow and storage addressing, have small neon lights 
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associated with them. These lights showing on the operator 
console give a visual indication of the status of the C.P.U. at 
any time. The logical portion of this section carries out the 
decision-making operations which may lead to a change in 
the sequence of instruction execution. 

Fig. 16 shows a typical input-output to C.P.U. configura- 
tion. In practice it is possible to connect several I/O devices 
and controls to the C.P.U. network and it is the Supervisor 
that determines the time-sharing between them. 


(d) INpuT—OuTPUT DEVICES 


As with the C.P.U. manufacturers have different techniques 
for handling input-output but, for the major devices, the 
variations are only in detail. 

Starting with an 80-col punched card, the first device 
required is a card-reader or combined card-reader-punch (Fig. 
17(a)). Fig. 17(b) shows a schematic card flow through one of 
these machines. The fastest machine will read up to 1,000 cards 
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Card-Read-Punch Layout 


per minute (i.e. 80,000 characters) and punch at 300 cards per 
minute. For paper tape input a speed of 1,000 characters per 
second input can be achieved. Output, however, is much 
slower at only 15 characters per second. 

Magnetic tape units come in many shapes but the principle 
of operation is more or less uniform and as shown in Fig. 
18(a). Tape is of 4-in. width and a reel holds 2,400 feet on 
which data equivalent to 200,000 fully-punched cards can be 
accommodated. Hypertape, which is of 1-in. width provides 
double this storage capacity. For reading or writing operations 
on normal tape, the tape must move from the file reel to the 
machine reel past the read-write head, and data is handled 
strictly sequentially. The loop in each vacuum column acts as 
a buffer to prevent high-speed stops and starts from breaking 
the tape. If random records or enquiries are presented, the 
tape has to be re-wound and the search started from the 
beginning for each enquiry, a time-wasting procedure. For 
sequential examination of, for example, stock records, mag- 


ee 
netic tape offers cheap storage capacity with reasonably rapid 
retrieval facilities. “ Read-Write Head 
Printers offer great scope for design. For really slow speed i Assembly 


work a “golf-ball” typewriter can be used which operates at 
about 15 characters per second. Faster printers use a type bar Fic. 18a IBM 
carrying complete character sets repeated two or more times Tape Unit 


ETE 


Fic. 188 IBM 
Tape Unit 


Fic. 19 IBM 


Bar Printer 


along the length of the bar (Fig. 19). Behind the bar are a 
row of magnetically operated hammers, there being one 
hammer corresponding to each print position on the paper 
form. As the bar moves across the printer each character in 
the set passes opposite each printing position at least once, 
and when the selected characters are opposite their appro- 
priate positions within the line that is to be printed, the mag- 
netic hammer fires and stamps the character through the 
print ribbon on to the paper. For each pass of the type bar, 
a complete line can be printed. For faster printers, up to 
1,285 lines per minute with only 16 characters, a print-chain 
moving 90 in. per second replaces the type bar (Fig. 20) and 
this, in turn, is now being replaced by a print-train where the 
separate characters are shunted around in a special continuous 
tray. 

All the input devices described so far involve the transfer 
of data from document to punched card and thence into 
the computer. Clearly, as processing speeds up, this manual 
operation could prove a bottleneck to the whole system, and 
computer manufacturers, appreciating this, have developed 
means of reading information direct from document to com- 
puter store. The first stage was the optical mark reader which 
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Chain Printer Concept 
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Optical Mark Form 
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would accept marks made with a black pencil at specific 
points on pre-printed forms. Examples of such forms are 
shown in Fig. 21. The readers handle these forms at the rate 
of 1,000 per hour depending, to some extent, on the number 
of positions to be read. The forms pass under fixed scanning 
heads placed in line with the mark columns, and the change 
in the level of reflected light when a mark is encountered is a 
signal of data input. Timing marks down the side of the form 
define the positions that contain “data” and this is translated 
into a code on paper tape. The paper tape then provides the 
input to the computer store. 


z 
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Magnetic Characters 
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significant advance on mark sensing was magnetic 
character reading and this is used extensively today by Banks 
and Clearing Houses (Fig. 22). The reader examines the shape 
of each magnetic ink character passing under the read head, 
and ten data channels signal an electronic storage device 
called the character matrix. This has a storage location for 
each of 70 character segments and a magnetic change in any 
segment brings a record into the appropriate segment. 
Identification of the character being read is made by com- 
paring the pattern of records within the 70 segments with the 
master alphabetic or numeric patterns. This system has been 
expanded to an optical character reader which, based on light 
reflection as with the mark-senser, will identify characters 
typed with a special type-face. These machines are capable of 
reading nearly 500 characters per second. 

Up to this stage decision-making on a computer could only 
be done by programming a request for information, taking 
this from a printer, and keying-in the appropriate action on 
a punched card. Quite rightly, manufacturers have been chary 
of providing the “general public” with a tool by which it 
could overwrite or create or delete records at the touch of a 
button. However, “‘display-stations” have been produced with 
the claim of providing a window into the computer (Fig. 23). 
A keyboard request brings figures to a cathode ray tube 
screen and these can be altered, added to or deleted, visually 
checked and then returned in their new form to storage. A 
most dangerous tool! A_ refinement this project 


on will 


% 
Fic. 23 IBM 
Display Station 


engineering drawings on which corrections or additions may 
be made using a “light trace pen”. 

The latest, but surely not the ultimate, in peripheral design 
has been the production of audio response units where the 
computer will select an audible reply from a vocabulary 
limited only by backing-up disc storage capacity. It is of some 
relief to know that the vocabulary is limited by the users 
initial requirements, so that the computer is unlikely to “make 
a rude reply” unless specifically programmed to do so. 


The IBM System 360 
LayouT—THE HARDWARE! 

The computer system operated by the Society is shown in 
Fig. 24. Input is through cards which are punched, verified 
and, if necessary, sorted before coming into the computer 
room proper. Verification, which reduces the chance of errors 
in transferring information from program sheet or data sheet 
to card to as little as 0-1 per cent, is carried out on a machine 
similar to the card punch with the exception that no holes 
are cut in the cards. The verifier checks that holes exist when 
keys are depressed and that the remainder of the card is in 
fact un-punched. Any errors cause the card to be rejected. 
The sorter handles 650 cards per minute and will sort one 
column on each pass. Thus, to sort cards into, say, L.R. Pro- 
cessing Number order, six passes would be required, one for 
each of the six digits. 

1 Hardware machinery 


Computer jargon’’ for 


Fic. 24 


Lloyd’s Register Computer Room 


Cards are read into the computer at 400 per minute through 
a 1442 card-read-punch. The computer proper is a 360/30 
model with an associated core storage of 32K (32,000 charac- 
ters). Data is represented in the System/360 by eight-bit code 
groups which are known as bytes. Each byte can represent 
one alpha-numeric character, two four-bit digits (known as 
packed digits), or any eight-bit binary configuration. Access 
to one byte can be obtained during a core store cycle of 1°5 
microseconds. A small part of the available storage is taken 
up by the system itself. This contains all the basic processing 
and logical instructions for operations such as add, load, 
branch, start input/output, etc., together with the facilities 
for handling decimal arithmetic, binary and logical operations 
and the codes for the current computer languages in use. 

Operations are initiated and controlled from the console 
typewriter which not only provides the operator with access 
into the system during operation, but carries messages which 
assist in the diagnosing of delays due to faulty cards, cards 
out of sequence, or faults within the computer itself. A typical 
listing on this machine is shown Fig. 25. 

The system is designed to accommodate six 2311 
drives 


disc 
of which four are at present in operation. When fully 
operational there will be storage capacity for 42 million 
characters, although the computer will reserve some 6 per 
cent of this for its internal programming. Average access time 
to a character on one of these packs is 874 microseconds and 
the transfer rate of continuous data is 156,000 bytes per 
second. 


The printer is a 1443 bar printer operating at 240 lines per 
minute. It is the slowest operating machine in the system, and 
is the controlling factor that determines how long a program 
will take to run. Technical programs provide, on the whole, 
no trouble in this respect, as the output is relatively concise ; 
other programs which involve continuous listing for example 
are printer bound. For an average program, however, which 
involves processing, printing a line or so, more processing, 
more printing, etc., this printer is admirably suited. 


LANGUAGES—THE SOFTWARE! 

While it is possible to write instructions to a computer in 
binary language, i.e. a series of O’s and 1’s, to do so would 
make programming an impossibly long task. Various “lan- 
guages” have therefore been developed by computer manu- 
facturers, each with its own translator program by which 
the computer will “compile” it into “machine language’. In 
general the lower the level of language, i.e. the nearer to 
machine language, the more intricate the operations that can 
be performed with it. The higher level languages, the short- 
hands of programming, though easier to work with, have 
many limitations (and frustrations), and a program may need 
sub-programs in a low level language to get round these diffi- 
culties. Languages in common use are Assembler (low-level) 
and FORTRAN and COBOL (high-level). FORTRAN 


1 Software—computer “‘jargon’’ for specialised programs designed to improve 
the performance of a computer 
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cancel 


P59 LRyBe LR7S 


1C00A ATTN. O OA. 


// JOB L100BB 
OPO8A 


0s021 JOB L100BB 
EOJ L100BB 

// JOB_LR76 

EOJ LR76 


1COOA ATTN, O OA, 


set date 


set date=20/09/67 
01201 IPL COMPLETE 
1100A 


// JOB LR209B 
EO’ LR209B8 

// JOB L209B3 
EO’ 120983 
1C00A ATTN. 


// JOB _LR37 
EOJ LR37 
1CO0A ATTN, 


// JOB LR16 
OPO8A 


0 OA. 


0 OA, 


EOU LR16 
1CO0A ATTN. O OA. 


set dare=20/09/67 


set date=20/09/67 
01201 IPL COMPLETE 


// JOB LR109 

0s021 JOB LR109 
FOU LR109 

1COO0A ATTN, 0 OA, 


// JOB LR76 
EOJ LR76 
1CO0A ATTN, 0 OA, 


// JOB LREO 
EOJ LR60 


INTERV REQ SYSIPT=00A 
CCSW=020000391802000000 SNS=490000000000 CcB=0038A0 


CANCELLED DUE TO PROGRAM REQUEST 


O110A GIVE IPL CONTROL STATEMENTS 
O110A GIVE IPL CONTROL STATEMENTS 


READY FOR COMMUNICATIONS. 


INTERV REQ SYSLST=008 
CCSW=0100001AC002000000 SNS=400000000000 CCR=001AA0 


OL1OA GIVE JPL CONTROL STATEMENTS 
O1111 PREVIOUS STATEMENT INVALID 


1100A READY FOR COMMUNICATIONS. 


CANCELLED DUE TO OPERATOR INTERVENTION 


CANCELLED NUE TO PROGRAM REQUEST 


Fic. 25 


Print-out from Console Typewriter 


(Formula translation) is primarily a scientific language and 
is used extensively on technical programs and on such data- 
processing as can be conveniently reduced to a numerical 
pattern. COBOL (Common business orientated language) is, 
as its name suggests, a business language, and to use it is 
more akin to writing in English than anything else. These 
higher level languages have their reserved words with special 
and constant meanings, and complicated rules of syntax and 
punctuation to be observed. Fig. 26 shows part of the same 
program in Assembler, FORTRAN and COBOL. 


LIMITATIONS 


Battered by figures and bewildered by offers of software it 
comes as a rude shock to computer owners to discover the 
limitations of their particular system. One language will not 
handle mixed alphabetic and numeric characters under certain 
conditions, another cannot cope with random access to a file 
of variable length records, and so on. Between manufacturers, 
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too, are irritating differences. For example, two manufacturers 
produce optical mark sensing equipment and each has a 
master sheet for form design showing 1,000 available positions 
(50 rows of 20 columns): one machine will read and identify 
each of the 1,000 positions, producing only specialised paper 
tape for their own computer; the other machine can only 
read the 20 columns in groups of five, thus reducing the 
effective available positions down to 200. 


The unpalatable fact must be faced, that no computer is a 
truly universal machine and, sooner or later, there will come 
a time when the computer’s designed circuitry will not handle 
the particular sequence the user wishes to follow. This is 
reasonable for, in order to keep computer size and cost 
within economic limits, manufacturers must direct their design 
to give bias to certain functions, i.e. mathematical processing, 
business handling, scientific analysis, etc., and it becomes the 
responsibility of the customers to “shop around” in order to 
find how the spread of his requirements is best covered. 


COMPUTER ROUTINE FOR CALCULATING MONTHLY 
GRADUATED PENSION CONTRIBUTIONS 


The rules followed for this are :- 


|. Is the person ineligible for any payment, i.e. under |8 or 
over 65. (The information for this and the undermentioned 
tests is supplied to the program in each payroll record 
under BASIS). 


2. If not, is the person eligible for either full payments 
(Contracted In), calculated as at 3A or 3B, or partial payments 
(Contracted Out), calculated as at 3B only. 


3A (Contracted In). 
Contribution—4'25% of the Gross Monthly Salary between 
a lower limit of £39 and an upper of limit £78, 
plus 
3B (Contracted In & 05% of the Gross Monthly Salary 
Contracted Out) between a lower limit of £39 and an 
upper limit of £130. 


In the specimen programs sterling amounts are dealt with in 
decimal pence. 
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Fortran Coding Form 
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Example in programming 
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ASSEMBLER LANGUAGE 


NAME OP OPERAND COMMENTS 
PAYM START (XE2Z000* 
ENTRY PAYM 
SAVE = (14, 12) 
BAER o> 310 
USING gFi,1e5 
B COMMENCE 
Pann ose PAYH AT START, CURRENT GROSS. AT END; GGP CONTRIB. 
DLC pal Pa at too JAX GODE CHAR. TS PUT TN PERTHAND eB wines 
Dee osG.o. +620, GGRSEGWER- INCOME. SIMI "=—92395— UN -PENGE. 
DC HUSAGOR Toga OCP RUPPERS IT MIl TOF wero “MINUS! 239 SOUR Se wool. 
PCy reason +66 GGP PERCENTAGE FACTOR — 4.25 PERCENT. 


OC F'49000! +68 GGP ROUNDING FACTOR - .49 PENCE. 
DC }=6H'21840! tice  GG6P_ EL LMIT, FORREXTIRASEEMY sais 0— 239 ROU AIRS meaOles 


OCe HES DON Hii4+-) GGP EXTRA LEV ——.5 sPERCENT “FACTOR. 

CVB 3,PAYH+8 CONVERT MONTH TO BINARY. 

CVB 5,PAYH+24 CONVERT GROSS-TO-DATE TO BINARY 

STM 3,6,PAYH+24 STORE INPUT FACTORS IN THEIR BINARY FORM. 


INPUT FACTQRS NOW OCCUPY - 
GROSS-TAXABLE=INCOME =PAYH+32 


BASIS -PAYH+60. 
TM PAYH+60,X'!30! TES EGGS CARCUICAT LON TiS) Re Uris De 
BOY Wie iiz IF NOT, SKIP TG 340 TO FORCE NIL CONTRIBUTION. 
SH 2,PAYH+62 SUBTRACT £39 FROM CURRENT GROSS. 
BG  2sa+6 TF RESULT POSTTIVEs; SKIP NEXT INSTRUCTION. 
Siew Zoe GROSS BELOW LOWER LIMIT, SO FORCE NIL CONTRIB. 
ER ae STORE "RESUINL FOR USE. TNR EEVvING@ > PERGCII rs 
TM PAYH+60,X!'10! TEST Thy EMPEOMEE UPAY S 14.25. PERCENT eV iige 
BC 14,*+6 IF SOU. SKIP NEXT INSTRUCTION. 
Shen aoc IF NOT, ZEROISE AMOUNT, FORCING NO MAIN LEVY. 
CH 2 sPAYH+6E4 COMPARE RESULT WITH UPPER LIMIT. 
BC 12,%*+8 IF NOT ABOVE UPPER LIMIT, SKIP NEXT INST. 
LH 2,yPAYH+64 MOVE IN UPPER LIMIT TO FORCE MAX. CONTRIBUTION 
MH 2,PAYH+66 MULT EPIEY RESUIST> BY 4.25) PERCENIIi. 
CH 3,;PAYH+/2 SEE TE AMOUNT EXCEEDS imine FORE AT As REMias 
BC 12,*+8 IF NOT, SKIP NEXT INSTRUCTION. 
LH 3,PAYH+72 MOVE IN LIMIT TO FORCE MAXIMUM EXTRA LEVY. 
MH 3,PAYH+74 MUST URIS, CRE SUIT Bienes Ce Ni ero neal Lee eK te) 
AR 293 ADD EXTRA BEVivs snCleMAWINe UOENAY cs 
A 2,PAYH+68 ROUND UP BY .49 PENCE. 
CVD 2,PAYH CONVERT RESULT TONMPAGCK ED DEGIMAL. 


MVO PAYH+3(5) »PAYH+3(2) ELIMINATE? “DECIMAL PLACES. 


Fic. 26D 


Because of these limitations it becomes impossible to 
guarantee that a proven, smooth-running system will, when 
transferred to the computer, retain all its original components. 
The only assurance is that accuracy will be retained without 
effort, and speed of operation immeasurably increased. In 
the process some things will have disappeared, some check 
points will have been eliminated and some parts of the system 
will have been re-designed. This is bound to have repercus- 
sions at human level, and it is the job of the systems-designer 
to keep all these things in mind when drawing up his plans. 


THE HUMANS 


“People matter more than things” is the title of a paper- 
back, and this sentiment is certainly true with regard to com- 
puter staff. With all its versatility and potential, the computer 
is lifeless until fed with a program of instructions to be 
applied to given data and only then, and on an operator’s 
command, can its fast digestive processes begin. A faulty 
program brings faulty results and the efficacy and accuracy of 
computer output sharply mirrors the preparatory work of the 
systems-analyst and programmer. 

There are four classes of people, workwise, upon whom the 
burden of successful data-processing rests, though the borders 
between their fields of work are hazy. The systems-analyst or 
system-designer forges the initial links between the user and 
the programmer. His first responsibility is to discover, by 
searching and questioning, exactly what function of a depart- 
ment’s work may be effectively computer handled. In this 
survey he will be searching for irrelevant data passing through 
the department; he will inevitably meet up with the plea of 
“but we've always been responsible for passing this on’, and 
his most unpopular question is “Why?”! It is probably at 
this stage the most anti-computer, or anti-systems-analyst 
feelings are roused for in order to satisfy himself as to the 
validity of introducing data-processing he needs to know all 
the functions of a department, particularly in relation with 
other departments who may themselves be computer users. 
To do this he will often exceed the bounds of his brief, 
becoming inquisitive about clerical procedures, filing systems, 
and document handling, all of which are concerned in inter- 
departmental flow, and by bringing a fresh mind to these 
problems will surely stumble across some “skeletons in the 
cupboard”! All of which, of course, reduces his popularity 
rating (in the department concerned) to something below 
zero! But these things must be if economical and effective 
data processing is to result. It has often been said that 
the best way to improve office efficiency is to order a 
computer, engage a systems-analyst and, after six months, 
cancel the order—the office will have improved its own effi- 
ciency out of pure fright! 

In the next stage the analyst must reproduce the work of 
the department as a series of interconnected logical opera- 
tions, first on a broad scale and later on a detailed basis. This 
involves much to-ing and fro-ing between analyst and depart- 
ment checking that no logical step has been missed, no 
unusual case left unconsidered. Once this has been agreed a 
detailed break-down is made to produce flow-charts which 
will indicate to the programmer how he will receive, handle 
and output the data passing through the department, and it 
is at this stage, fortified by a written specification covering 
any obscure points the analyst feels need clarifying, that the 
programmer takes over. Fig. 27 shows the development of a 
small part of the flow-chart for producing a quarterly listing 
showing owners the state of survey on their ships. 
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The division between programmer and analyst is blurred, 
and is inclined to depend on whether an organisation has a 
large team of analysts or of programmers. In Lloyd’s Register 
we fall, in a very modest way, into the second category, and 
our programmers are responsible for planning, in conjunction 
with the data-processing manager, the organisation and layout 
of the magnetic disc files they will use. This will lead to a 
certain amount of re-arrangement in the flow-charts to save 
back-referencing and similiar wasteful operations, but once 
done, the programmer can settle down to write, in whatever 
language has been specified, the program which will process 
the departmental data supplied. 

Once written and tested with selected data and proved 
satisfactory the program, now in punched card form, is filed 
until data begins to arrive from the department. This data, 
in pre-arranged form, is put on to punched cards by the 
punch operator and checked by a second punch operator 
using a verifier. Undetected errors at this stage, resulting in 
incorrect data being fed to the computer, can be difficult to 
trace but happily, with full verification, they are unlikely to 
occur. However, the possibility places great emphasis on the 
need for accurate and clear data-preparation by departmental 
staff so that problems of handwritten letter or figure inter- 
pretation do not arise. 

Computer working is in the hands of an operator who has 
to feed program and data cards, together with any special 
control cards, into the reader hopper in the correct sequence. 
The operator is responsible for the smooth flow of work 
through the computer and for the interpretation of the vari- 
ous messages put out by the computer due perhaps to a faulty 
card, inadmissible data (the programmer having built certain 
checks into his program), a machine fault, etc. A good 
operator can feed more work through a machine in a given 
time than a poor operator by careful preplanning and being 
ready to change programs and disc packs as required. 

To sum up, teamwork is the keynote of work among the 
computer staff to ensure the smooth development of a pro- 
gram so that in its final form it may be easily handled and 
the savings engendered by computer operation are not 
frittered away by peripheral operations. 

This is, however, only one side of the story. Once the 
pattern of the program has been decided, feedback occurs 
through the analyst to the department so that the layout and 
presentation of input and output data may be discussed. New 
forms need to be planned, perhaps new methods of handling 
devised involving internal staff changes, and all these come 
under the analysts general oversight so that the eventual 
transfer from clerical to computer operation may be as pain- 
less as is possible. Ultimately, the success of the operation will 
be found to be dependent upon the enthusiasm of the people 
who see it through, and it is their determination to make the 
computer processing work that matters! 


TECHNICAL PROCESSING 


For much scientific and engineering work it is practically 
impossible to write a program which will restrict the position 
of the decimal point to a sufficiently small range as to be 
certain not to incur overflows in either the integer or decimal 
fields. In large calculations, therefore, it would be necessary 
to allow perhaps up to 12 positions to accommodate numbers 
from, say, 123400 to 0:001234 of which only four figures 
are ever significant. Without a computer the mathematician 
would probably express these numbers as 1°234 x 10° and 
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1:234 x 10°. To handle this problem computers make use 
of what is known as “Floating-point Arithmetic” where num- 
bers are expressed in a similar form but having the mantissa 
falling between 0-1 and 1:0 and the exponential adjusted 
accordingly. These numbers now become -1234 x 10° and 
*1234 x 10. The computer will store these numbers in a 
floating-point field comprising the exponential followed by the 
number, but there is a further mathematical refinement in 
that the numbers are transposed into hexadecimal format 
which is based on the powers of 16 instead of ten. Fig. 28 
shows some “hex” arithmetic. The number range that can be 
handled by floating-point arithmetic is from 2°4 x 1075 to 
722, 21088, 


1.B.M. ‘'360’’ HEXADECIMAL FORMATS. 


Decimal H 


O) 
x 
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10 
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one zero — | x 16+0 


Examples 
In Hex. notation 22;,=(2*16)+2 34 


10016 = (1 162) 4+ (0 16) + 0=256 
ICAig = (1 X 162) + (12 16) + 10= 458 


Fic. 28 
Hexadecimal 


To program for floating-point changes each time they occur 
would be a formidable task but manufacturers provide soft- 
ware to carry out this conversion. However, on the IBM 
“360” there is built-in floating-point conversion hardware 
which operates under the control of the Fortran language 
compiler. This offers virtually “instant conversion” at the rate 
of several thousands of Fortran instructions per second! 
Using floating-point arithmetical methods means a consider- 
able speeding-up of calculation times, and it has been esti- 
mated that one minute of machine time is equivalent to two 
days’ work by a man using a calculating machine! 

Currently there are some 150 technical programs available 
from the Damage Stability Program down to the calculation 
of principal stresses from strain gauge rosettes. The value of 
the latter lies not in solving a comparatively easy calculation 
but in the speed with which a whole pattern of some hundreds 
of rosettes can be analysed. Only some 30 or 40 of the avail- 
able programs are in regular use. 

The largest program is the “Damage Stability Program” 
where one run takes an hour of machine time. This program 
evaluates the effect of flooding in one or more compartments 
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of a ship in relation to trim, angle of heel, and the general 
effect on stability. The program requires definition of the hull 
form and compartment size and shape, and a specification of 
the areas of damage to be considered. Its analysis gives the 
final position of selected points in relation to the final water 
plane under still water conditions, and is accurate at least up 
to the point where stability would be lost in any case. To 
make a complete analysis it is necessary to define the various 
damage conditions that might be experienced and run the 
program for each condition. The probable extent of damage 
to be catered for is defined by the International Load Line 
Convention of 1966. Alternatively, the program may also be 
used as a design tool, modifying the compartment input data 
until a satisfactory condition is attained. 

The most used program on the ship side is LR 76— 
“Calculation of Longitudinal Strength”. This was developed 
by the Ship Research Department and is used both within 
the Society and by shipbuilders to calculate the distribution 
of shearing forces and bending moments in the ship’s struc- 
ture. 

“Tanker Rules” is used primarily for plan approval, but it 
is basically a design program which, if desired, can be used to 
modify a plan to give corrected scantlings. Another program 
connected with the Tanker Rules is “Strength of Grillages” 
which is used for structure calculations. In other fields there 
is a program for 3 in 1 Curve Fitting and for checking plans 
in accordance with the Society’s Code of Practice for the 
Construction and Survey of Ships’ Cargo Handling Gear. An 
off-beat program on the ship side is “Ship’s Response in 
Irregular Head Seas”. 

There are far fewer programs used by the engineers as 
generally their calculations are less involved than those of 
the naval architects. All torsional cases are now evaluated 
on the computer using one of three programs, viz: — 


(a) Straight through shafting with even firing angles. 
(b) Straight through shafting with uneven firing angles 
or (c) Branch systems. 


As a torsional case takes only three or four minutes to run 
through by computer there is a considerable saving of both 
time and effort in the department. Another useful program 
has investigated torque-swing relationships in V-engined crank- 
shafts. Several hundred cases have been put through this 
program—an almost impossible task to do manually—and the 
results used in the revision of the V-engined crankshaft rules. 

Non-Marine Department uses the computer essentially for 
checking programs to facilitate plan approval. Heat exchanger 
tube plates are checked to BS 1500; three programs check 
weld necks and loose flanges to ASME 1962, and pressure 
vessel scantlings, nozzle and manhole compensations, etc., 
are checked to ASME Section 8. 

One of the psychological barriers to technical processing is 
the acceptance of computer answers as being correct in them- 
selves, and not to use the computer as a parallel check on 
manual operation. There must be verification of the system, 
but once the testing and proving of the computer operation 
has been completed then computer processing should be given 
the pre-eminence. Experience shows that errors usually occur 
in the transposition of input data, a state of affairs that must 
surely exist with every manual operation. Given the facility 
of proven programming there should be no need to look for 
anything except the computer results. In spite of the speed 
of the computer which copes with all the Society’s present 


technical work in about one hour per day, the holding factor 
is data; and data-preparation cannot be hurried. The com- 
puter is inanimate, accepting only that which is passed to it 
for action, and it is well worth taking the trouble to be sure 
that the data-preparation has been thoroughly carried out. 


Data-processing involves an entirely different concept of 
computer operation to technical processing. With technical 
work it is usually only the program which is held in perma- 
with data-processing 
program and the main business and reference files are held 
in computer store while new data is read in as required. For 
example, a suite of programs has been developed to build 
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up client accounts for the Non-Marine Department, so that 
not only the fee book is now produced by the computer, but 
an analysis carried out 
increases and decreases in the accounts of major clients. To 
this end the accounts are all held on disc, and the program 
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suite is catalogued in the program library (also on disc). 
Weekly updating is entered through punched card, and an 
initial control card enables the computer to select the required 
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program to operate on the data. 


In this particular file, the 


permanent records occupy one-sixth of a disc pack. 

Clearly some files take a great deal more storage space 
than others. The statistical information for the world fleet is 
estimated to occupy 1} discs while the survey records of the 
classed fleet will, on the engine side only, fill 24 disc packs, i.e. 
some 18 million characters! It requires no great intellect to 
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realise that the major problem of introducing data-processing 
is one of file creation whereby the data held on documents 
may be transferred to computer store. Since a computer has 
no mind of its own this means that every single figure, letter, 
comma, etc., must be manually transcribed on to a coding 
sheet which is laid out in the form of a series of 80 column 
lines, each line representing one punched card. This invariably 
means there will have been a very critical survey of the input 
information to see how it could be condensed or coded, or 
whether information also used by another department could 
be stored on that department’s file and accessed as required. 
Codes, such as the L.R. Processing Number, will be used 
extensively to enable cross-referencing of files to be accom- 
plished. Fig. 29 shows the coding sheets used by the Statistics 
Department. 


To apply data-processing to a department means total 
involvement, and it is the rovality that cannot be stressed too 
highly. The greatest blunders in introducing computers have 
been due to a failure within an organisation to look far 
enough into the future, automatically assuming that, in time, 
the whole of their operation would be automated. Take a 
simple example of the analysis for the issue of statutory 
notices regarding freeboard surveys. These notices are at 
present produced by hand typing on continuous stationery 
from a visual card index system containing a reference num- 
ber, the ship’s name, and the date of the last survey. To 
reproduce these items once, and once only, on to a coding 
sheet and thence to carry out the printing of the forms by 
computer is not very difficult and would seem to achieve only 
marginal saving of time. However, this is really only half the 
problem. When the number, name and date have been typed 
on the form, the name of the owner or manager must be 
found from the Register Book and, in order to prepare the 
form for dispatch, the address plate for that owner must be 
selected and the address stamped on the form. Should a 
reminder notice become necessary, this process must be 
repeated. Clearly, here is a field where time saving may be 
accomplished. The owner’s name and code are held on the 
statistics file against the L.R. Number and the code may be 
used to access the “Owner’s Address Directory”. Thus, at 
one printing, a complete addressed form is produced by the 
computer every two seconds. Further, the address file may be 
used for all sorts of other notices, such as advice to owners 
of outstanding surveys, etc., and can represent a real saving 
in hitherto duplicated work. 


But “total involvement” has another significance, this time 
not from the systems-analyst’s point of view but from that of 
the individual members of departments. There is no doubt 
that to some people the sight of the systems-analyst bearing 
down upon them conjures immediate visions of early retire- 
ment, redundancy or the “dole”, and this, in turn, engenders 
a quite natural balkiness regarding possible change. As a 
recent article in the “New Scientist” put it: — 


“The greatest scope for error lies in reorganising the work 
to be processed by the machine; the usual mistake is to 
make as little change as possible. Often computers have to 
perform an astonishing sequence of steps, which can only 
be explained as vestiges of some earlier stage of mechanisa- 
tion, but which no longer have the slightest justification and 
which drastically reduce efficiency. Not only is there resist- 
ance to new methods, but there are cases where an increas- 
ing volume of work would have forced a change to a 


more rational system had not mechanisation intervened to 

preserve the status quo.” 

Far from redundancy, the initial stages of planning, re- 
organising, data-preparation and checking of output bring 
considerable additional pressure on departmental staff over a 
considerable period of time. While the ultimate aim of intro- 
ducing data-processing is to achieve more work for less effort, 
it is generally considered that the non-replacement of part of 
the natural annual wastage gives a perfectly adequate run- 
down of personnel requirements. With this bogy suppressed 
then, the way lies freely open for total involvement, but unless 
a department is 100 per cent behind a data-processing applica- 
tion, its possible effectiveness will be surely curtailed! A 
program will be derived and will work, but it will not have 
that touch of originality and change that brings into use the 
full potential of the computer! 

How will the computer be used in the Society’s work? 
There are today many ideas and proposals in the pipe-line 
Some are merely in embryo, others are at various stages of 
analysis or tentative programming, while one or two are 
trying their fledgling wings and producing useful results. 
Because the time-scales for various projects are so vastly 
different, it is not proposed in this paper to offer any forecast 
when the programs set out below will be introduced. Suffice 
it to examine the possibilities at present offered with perhaps 
a thought towards possible future trends. 


ACCOUNTS 


Routine book-keeping has long been regarded as a sinecure 
by computer manufacturers, who feel that once accountants 
have been weaned away from an inbuilt tradition of double- 
checking and initialling each entry in longhand, the computer 
can be of real assistance. In the Society centralisation of 
account-rendering within the U.K. and book-keeping becomes 
a distinct possibility, with a consequent easing of the burden 
on the outport staff. This is not a change easily wrought, for 
to make such a system effective it must be tied-in with costing, 
and other aspects of the department’s work, to the satisfaction 
not only of the Society’s Accountant, but also the auditors. 
A very thorough and widespread survey will be required 
before even tentative plans are drawn up to revise account- 
ing procedures. In the meantime much useful experience 
is being gained in bringing together information required 
to handle the payment of salaries. Forms for Bank credits, 
and salary advice slips have been prepared and tested (Fig. 30) 
and some parallel runs have been carried out printing all the 
U.K. salaries on the computer. 

The new forms are far more comprehensive than the present 
“orange” slips and offer a month-by-month account of the 
difference between “gross” and “net”. Naturally, this program 
has to be thoroughly checked before it can be released, as 
there can be few so affluent to accept the omission of the odd 
nought with equanimity! Conversely! ! ! 

As has been mentioned, a small exercise has been carried 
out for Non-Marine Department which, though limited in 
scope, has served to show the potential of the computer in 
this field. 


CLASSIFICATION 


This is, of course, the hub of the Society’s work, and the 
operation of ship classification is totally unrelated to any 
other conventional business procedure. Commencing with 
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perhaps the most intricate application, that of engine records, 
a scheme has been devised to handle the reporting of all 
machinery surveys, updating the ship’s records stored on the 
computer, and advising the owners every quarter of the latest 
state-of-survey on each of his ships. This monumental task 
will begin, of necessity, in the engine reports department by 
the preparation of a master document for each classed ship, 
allotting a code number to every surveyable item on the ship 
(Fig. 31). Arrangements are being made for copies of this 
document to be always available to the surveyor on the ship, 
and it is envisaged that by using ultra micro-filming tech- 
niques now available it will soon be possible for every office 
to hold the master documents for the whole classed fleet on 
a few sheets of film. A special reader-printer enables reference 
to be made to any document at will. The preparation of these 
master documents has now begun and it is estimated that it 
will take some three or four years to complete this task. How- 
ever, a ship’s records may be transferred to the computer as 
and when its master document is completed, simply by filling 
up a coding sheet containing all the relevant code numbers of 
items together with the date on which they were last surveyed. 
Thereafter, all reports of surveys will be made on a Report 9 
(Computer) (Fig. 32). The front of these reports show a more 
or less familiar format, with a reduction in the amount of 
“heading” information required and a greater space for 
reporting defects and repairs. The back of this report now 
becomes a coding sheet on which the surveyor will merely 
enter the code number of all items he has examined and 
found “good”. 
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On receipt in Head Office, punched cards will be prepared 
directly from the forms, and these will form the input for 
updating the ship’s record stored on disc. For normal C.S. 
cases no further action will result unless a C.S. Cpn has been 
notified, whereupon the computer will check to see that all 
items have, in fact, been examined within the current cycle. 
Similar checks will be made for E.S., B.S., S.P.S. and T.S., 
giving a listing in each case of any items remaining overdue 
for survey. 

Each quarter a fully comprehensive print-out will be pro- 
duced showing the state-of-survey of every classed ship. 
Besides showing items seen and found good, it will show any 
items whose survey is overdue, and list-out, in chronological 
order, all items whose survey falls due within the following 
12 months. With one copy of this print-out going to owners, 
and the second copy going into the ship’s visual file in Head 
Office, it is hoped to enable owners to plan their survey pro- 
grams well in advance, and to reduce the number of enquiries 
made daily to London to ascertain what items remain out- 
standing to complete a cycle. 

Ship and refrigeration classification are little more than 
variations on this original scheme, and can be subsequently 
introduced without much difficulty. With the routine work of 
transferring records from surveyors reports eliminated, it 
should allow the learned surveyors in the respective Head 
Office reports departments to devote their energies to their 
true function of seeing that, in cases of damage or defect, the 
local surveyor’s action and recommendations are accepable 
to maintain the high standards imposed by the Society’s class. 
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This work cannot be separated from that of the clerical 
staff, and the computer will assist them in the “diarying” of 
cases due for survey or examination. S.R.L. information, too, 
will be stored on the computer so that a very up-to-date 
picture of a ship’s record will be available. 


STATISTICS 


With a world fleet of 44,375 ships contained in the Register 
Book it would be practically impossible to compile statistical 
tables of any complexity without some mechanical aids such 
as card sorters or computers. The Society has for some 
years employed an outside Bureau to assist in this work, 
but now the processing will be carried out entirely on our 
own computer. At the same time the opportunity has been 
taken to revise the basic information retained for each ship 
so the scope of the tables may be expanded if so desired. 
Some 40 items are held in coded form within the file 12 
of which are currently used for the production of the tables. 

One major change that has resulted from this operation 
concerns the identification of ship types. Over the years 
Publications, Statistics, Ship Reports and Technical Records 
had built up their own systems of identifying ships and it was 
clear that, in certain cases, there was a lack of consistency 
between these departments. To overcome this a representative 
committee has been set up who consider all new entries going 
before the Classing Committee. This working party decides 
on an acceptable designation for each ship, and codes this 
accordingly. At the same time the existing analogies between 
such things as: “Trailing suction hopper dredger” and a 
“Hopper trailing suction dredger” have been ironed out! 

The production of the 1968 Statistical Tables will be the 
first operation in this field. 


Freeboard 


This has already been mentioned and is, in itself, quite a 
small program. It will, however, lighten the burden of an 
uninteresting routine operation. 


Technical Records 


Though a comparative newcomer in the field of the 
Society’s operations, Technical Records Department has 
amassed a vast amount of relevant information on the “vital 
statistics” of ships and on their defects. This information is 
currently contained on machine-punched and edge-punched 
cards and is, within the limitations of such systems, reason- 
ably accessible. The main drawback, however, is that while 
answers can readily be given to specific questions it is difficult 
to disclose latent trends in the incidence of defects. Once the 
trend has become obviously apparent, the edge-punch cards 
can be quickly sorted through to show the magnitude of the 
problem. Undoubtedly, to have this information on computer 
means that a regular run would show up any rise in incidence 
of defects above an acceptable level, but before changing the 
system there are many other aspects to be considered. 

The engineering details relating to the classed fleet are 
stored on De La Rue Bull machine-punched cards. These 
cards use a code which, as one might expect, cannot be read 
by an IBM card reader! To transfer these systems therefore 
a special “translator” must be used in conjunction with the 
computer. The ship details have not reached a punched-card 
stage so it has been possible to redesign the input cards so as 
to provide acceptable punched cards for direct reading. The 
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first stage of the operation therefore will be to effect a 
transfer of all these existing records onto the computer. 

With the defects section, however, the situation is different, 
and considerable thought has yet to be given as to what 
function it is to fulfil. 

If the present records were selectively re-coded and trans- 
ferred to the computer, then the computer could be pro- 
grammed to examine the records at regular intervals and 
disclose any significant trends. By including a reference back 
to the original Surveyor’s report, or a microfilm thereof an 
even more detailed picture could be obtained. Owing to the 
sheer volume of these records, a long manual operation would 
be necessary to transfer them to computer coding. Clearly 
there are many problems to be tackled before this particular 
section is fully computer orientated in such a way as to 
provide the best service to those who would use these com- 
prehensive records. 


Printing 

The printing industry, though progressive within its own 
framework has, in the years of transition from craft to trade, 
been an impregnable fortress against change coming from 
outside pressure. Now the bastions are beginning to crumble 
to the impact of films, radio, television and, more recently, to 
the heavy guns of the computer manufacturers. As the intro- 
duction to the 1964 Penrose Annual then put it: — 

“Printing still has unique advantages, but society will in 
the long run use printing only for those tasks which printing 
can fulfil more effectively, reliably and economically than 
other competing media.” 

Printers have always been secure in the knowledge that 
none but a craftsman could letterspace a heading in a particu- 
lar face to the necessary degree of aesthetic refinement. But 
now a computer can do just that provided it has been “crafts- 
man programmed” to take care of all the aesthetic decisions 
involved. To this end a number of computer firms have linked 
with members of the printing and allied trades to develop 
specialised programs which will effectively take care of all 
the operations between keying-in the material to etching the 
litho plates. There are, of course, many refinements and 
variations of this process but a fairly general system is as 
follows. 

The input from the Author’s copy is made by a compositor 
using a normal keyboard with certain additional facilities to 
define type-face, size, symbols, line lengths and_ special 
spacing. This is reproduced on punched paper tape, which, 
when read into the computer, not only creates a magnetic 
tape but also prints-out a complete copy set in unjustified lines, 
with composing instructions underneath each line, and auto- 
matic hyphenation. The hyphenation is achieved by a perma- 
nent program which defines natural breaks in a word and 
works in conjunction with a dictionary containing unaccept- 
able hyphenations. Where a long word comes at the end of a 
line the computer selects the possible natural break points and 
then compares each with the directory for validity. Those 
that are clear are then rechecked to fit in with acceptable line 
lengths. 

The print-out is then passed for proof-reading in the 
normal way and all errors or amendments recomposed on to 
paper tape against the line reference number. These amend- 
ments may now be merged in one operation by blending the 
original magnetic tape with the input from the paper tape to 
produce a clean master magnetic tape. In the process lines 
may be reconstituted and fresh hyphenation carried out. This 


master-tape is then reproduced as paper tape in a code accept- 
able to an automatic typesetting machine such as, either 
Monotype (cast metal type) or Monophoto or Lumitype 
(photo-setting). 

While such processes are undoubtedly ideal for the rapid 
setting and amending of books, the type of work published 
by the Society (Register Book, etc.) does not necessarily fall 
into the same category. Computer typesetting is expensive 
and, more important, new techniques are still in the course of 
development, and we are in no position to lay down plans 
for the future on this basis. Computer output itself is fast 
becoming acceptable documentation, particularly in the tech- 
nical field, where high-speed photo-litho reproduction gives a 
limited run of high-class “printed” copies. It is impossible to 
forecast the future of printing, but there will surely be great 
advances made in this field under the pressures of the com- 
puter-age. 


THE FUTURE—CRYSTAL-GAZING 


Aids to business efficiency arrive each year like autumn 
leaves, and it is only to be expected that more and more of 
the latest creations are aimed at the computer user. This is 
right, for it is foolishness itself to surround such a high- 
powered tool with Pickwickian office procedures. But it 
would seem there is a danger of this revolution getting slightly 
out of hand and excessive modernisation being carried out 
purely for its own sake. There is no doubt that the next 
decade will see many, one dares to hope—startling changes in 
the organisation of the Society, many barriers broken down 
and new lines of communication laid, but the greatest change 
that can be foreseen lies in its social structure. This does not 
imply a Communistic levelling which, incidentally, is notice- 
ably absent behind the Iron Curtain, so much as a regression 
of departmental demarcation. A fierce independence can be 
tolerated no longer and must be replaced by an attitude of 
“working for the common good”, and though this must sound 
like a pious platitude it is none the less sincerely meant. 

What aids can we envisage? The volume of computer out- 
put is a real problem and there are cameras which will con- 
tinuously reduce this to micro-film. Others enable paper-plates 
to be produced photographically at the rate of one a minute 
from which up to five thousand copies can be run off on a 
conventional litho machine. Ultra-micro-photography can 
reduce the Bible on to a piece of film 1 in. square! Input- 
output devices which can be attached to computers include 
an optical reader which will identify numbers and some letters 
in a given type face; and the latest creation, a device which 
translates computer output into speech! Dare we contemplate 
the day when the Classing Committee will receive the Sur- 
veyors’ recommendations via a mellifluous voice? Fig. 33 
shows a visual display unit with a “‘light-pen” by which draw- 
ings can be produced and amended! Trans-country, trans- 
continent data links are already commonplace and one 


~ 


Fic. 33 
Display Unit and Light Pen 


IBM 


seriously looks for the time when the Surveyor will dictate, 
while on the job, a list of items he has seen which will later 
be transcribed, through telex, direct into the computer records. 

Acceptance of these innovations, and in particular accept- 
ance of their accuracy, is the stepping-stone to our particular 
revolution. For it to remain bloodless, tolerance and co-opera- 
tion will be required to a remarkable degree, but it would 
seem that if the Society as a whole can weather the cyclonic 
upheavals immediately before it, nothing but good can result, 
both for the employees and, more important, for our clients 
to whom, after all, our service is dedicated. 
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Discussion on Mr. B. K. Batten’s Paper 


THE COMPUTER AND ITS APPLICATION TO LLOYD’S REGISTER 


Mr. J. . MATHEWSON 


Firstly, as a naval architect/ship surveyor I welcome the 
public admission by an engineering colleague that, and I quote 
(page 20) “Engineers’ calculations are less involved than those 
of the naval architects!”. 

Whilst there may be some doubt as to the relative com- 
plexity of the calculations, those of the naval architect are 
certainly more voluminous. With regard to structural analysis 
we are now in the position that, so far as elastic behaviour 
is concerned, computer orientated numerical methods are 
available at present which would allow us to solve any stress 
distribution problem in the elastic range. The sole limiting 
factor at present is computer capacity, and in this respect the 
present Lloyd’s Register installation considerably restricts the 
depth of the analysis which may now be undertaken. Since 
this is a problem shared also by civil, structural and aero- 
nautical engineers there would appear to be some argument 
for a combination of resources on the establishment of one 
gigantic computing centre shared by an association of struc- 
tural engineers. The Author’s comments would be welcomed. 

Throughout the paper the Author has made reference to a 
possible redundancy or running down of staff requirements. 
This trend may be true of the departments concerned with 
manual recording of data, etc.; this is certainly not true of 
the technical investigation departments (R.A.T.A.S.), a fact 
not always appreciated by those who make most use of these 
departments where the introduction of the computer has 
actually increased both the volume of work handled and the 
rate of turn-over of such work since we are now able to 
tackle many more problems than previously and in greater 
detail. 

Mr. Batten has rightly emphasised the importance of the 
service the Society offers to its clients; epitomised by the 
integrity and confidence of the surveying staff throughout the 
world. Such qualities stem only from superior knowledge and 
efficiency, and with the present rapidly changing commercial 
and technological enviroment it is extremely difficult to main- 
tain this superiority without computer aided analysis and pre- 
digestion of data, upon which sound technical judgements 
are made. 

I welcome also his chapter on “crystal-gazing’, a feature 
which seems to have been singularly absent in the past. It is 
obvious that we are nowhere near the ultimate limit of the 
potential of this calculating device whose true limits are 
bounded only by man’s own intellect. 


Mr. J. M. BATES 


It is with regret that I was unable to attend when this paper 
was presented to the Staff Association but I would like to 
congratulate the Author on his presentation of a vast and 
difficult subject. 

There is a reference to “Freeboard” on page 26 of the 
paper which may require clarification. The Author states: 
“This has already been mentioned and is in itself quite a small 
program. It will, however, lighten the burden of an uninterest- 
ing routine”. 


It is concluded that the Author intended this as a reference 
to the analysis of statutory notices regarding freeboard sur- 
veys (second paragraph on page 22 of the paper). 

Nevertheless, calculations of any kind, however stimulating 
and interesting the subject may be, must of necessity contain 
a certain amount of work which is of a purely routine 
character which can be eliminated through the use of com- 
puter programs. It may well be that in time to come, when 
all calculations are performed by computer, the staff whose 
task it will be to prepare data sheets will find this duty to 
be in turn an uninteresting routine and will look back with 
nostalgia to the days of “routine” calculations! 

It is perhaps appropriate to offer some comment on the 
programs currently used by the Freeboard Department. 

LR 37 and 43 deal with the calculation of “steamer” and 
“tanker” freeboards respectively, under the terms of the 1930 
Load Line Convention. Both accept data in either British or 
metric units, the results being printed in both units. LR 124B 
and 124M calculate freeboards under the terms of the 1966 
Load Line Convention for any type of ship in British and 
metric units respectively. 

LR 220, the damage stability program which has been 
briefly described by the Author consists of 18 main programs 
and 14 sub-programs developed over a period of nearly seven 
years. A working store taking up about a third of a disk pack, 
or approximately two and a half million locations, is required 
for each run. A well prepared case can be processed by the 
computer in about 75 minutes. To this must be added the 
time taken to prepare the input data, punch the data cards, 
and analyse the results. To carry out such calculations by 
orthodox methods to obtain the same variety of results would 
take many weeks of solid effort. 

Whereas LR 220 is strictly a mathematical program, the 
freeboard programs deal with a somewhat different type of 
problem. A freeboard calculation stripped to its bare essen- 
tials consists of several groups of calculations which involve 
about one hundred operations. The results from each group 
of calculations are subject to corrections of a mandatory 
character coloured by a variety of National requirements. 
The relevant programs not only perform mathematical opera- 
tions, but they must also make logical decisions, each one a 
source of error or omission; the term “logical” in this context 
being applicable to the performance of the program and not 
necessarily to the Load Line Rules themselves! 

It is expected that by the time the discussion on this paper 
is distributed, the freeboard calculations will be processed 
completely by the computer in a form acceptable to National 
Authorities as an official document. 

Mention is made on page 13 of the paper that part of the 
core storage is taken up by the system. Assuming that the 
system occupies 8K locations and a_ particular program 
requires for its operation only part of the system, occupying 
say 3K locations, yet the remaining 5K locations will remain 
inaccessible to the actual program. The earlier model used by 
the Society, the IBM 1620 seemed to be more flexible in this 
respect and the Author’s comments on this point would be 
appreciated. 

The earlier computer also had a facility known as TRACE 
which was very useful when de-bugging a program. It is 


regrettable that such a feature is not available for the 360 
model. 

Examples have been seen of diagrams produced by means 
of a “plotter”. This instrument does not draw actual curves 
but controls the printing of a continuous series of fine dashes, 
each dash being about one-tenth of a millimetre in length. 
Bending moment and shear force diagrams can be printed 
direct instead of, or in addition to, tabulated results. The 
body plan of a ship can be produced equally well. Can such 
a device be used in conjunction with the IBM 360? It is 
known that the “plotter” can be used with the IBM 1130 
computer which is a smaller machine than the Society’s but 
is specifically designed for technical work. 

The point is made on page 5 of the paper that when fresh 
information enters a location, it replaces the previous con- 


tents of that location. Is it not possible in some circumstances 
to “overlay” data or information on core without thereby 
destroying the original contents of the particular location? 

Although the “programmed” technical work of the Society 
could at one time be dealt with by the IBM 360 in about one 
hour per day, this of course is no longer the case. 


The Author’s comments on the above points would be much 
appreciated. 


Finally, on the subject of binary notation, the numbers 
265489 on page 4 of the paper seem to be incorrectly coded 
as 245489, but this is no doubt due to a typographical error 
which in itself is useful in illustrating the difficulties which 
must have beset early programmers who had to write their 
programs in machine language. 


AUTHOR’S REPLY 


Before commenting on the contributions to the discussion 
on this paper, I should like to thank those who have given 
their views and to reassure all those who pointed to the error 
on page 4 in the binary coded number. 

Mr. Bates’ contribution on Freeboard is very interesting, 
and I think I must agree with him that the “360” lacks some 
features available to the “1620”. In referring to core storage, 
I should perhaps have made it clear that the “system”, Le. 
the programming necessary for the full operation of the com- 
puter, always remains permanently in core, and one cannot 
say that a particular program would necessarily use any one 
definable part of the system. Therefore, the 8K locations are 
in fact permanently lost to in-core storage, and this is one of 
the reasons why we have purchased an extra 32K of core 
storage in recent months. 


It is indeed possible to overlay data in core or on disk and 
destroy the original contents of the particular location, but 
this is a programming error and does not occur by chance. 

I welcome Mr. Mathewson’s remarks, but feel I ought to 
take exception to his opening paragraph. I could, of course, 
have added that engineers have enough sense to keep things 
simple! 

Since originally writing this paper, computer practice has 
advanced almost out of all recognition and gigantic computer 
systems are no longer fantasy, but reality. There is no doubt 
that for complex calculations, time sharing on a large com- 
puter system makes better economic sense than providing 
in-house facilities. Whether we shall finish in the U.K. with a 
public computer, occupying a similar and rather nebulous 
position as, say, the Bank of England, I would hesitate to say. 


Discussion following the presentation of the Paper at a meeting of Lloyd’s Register Staff Association in Glasgow 


Mr. J. B. Davies opened the discussion and asked what 
the London Office proposed to do about getting the results of 
calculations to and from London promptly. The first half-a- 
dozen cases can well be sent by post but then the owners may 
ask for Nos. 2 and 5 holds to be considered instead of Nos. 2 
and 4 holds. The information is sent by post to London and 
there are the usual delays. It may take the computer staff only 
one hour to deal with the question but there are more delays 
in the postal return and a week has soon passed. Is anything 
being done to link up Plan Approval offices with London 
direct? There are some 18 Plan Approval ports and he 
thought that some should have direct facilities. 

Mr. Davies also referred to the Damage Cards for ships, 
but repeated damages may go into the system and not be 
recognised unless a particular investigation is requested. Can 
London build any auto-scanners to point out, automatically, 
a sudden increase in particular repeated cases? 


THE AUTHOR replied—Yes, it was possible for the Plan 
Approval port to send data direct to London. He made refer- 
ence to a machine which he had been shown at the U.S.A. 
Compact Computer Exhibition at Glasgow that afternoon. It 
is possible to set up an input sheet, checking it as you go 
along, and send a completed paper tape over the telex to 
London overnight. The London Office could deal with the 
question on the following day and reply over the telex on the 
following night. This should be possible but would necessitate 
the addition of a “quick sender” to the telex machine if it had 
not already been fitted. 

In reply to the second question the Author stated that the 
Society and the U.K.A.E.A. had the same problem and that 
there had been joint discussions. The London Office is break- 
ing down the damages into suspect areas such as rudders, 
crankshafts, engine bedplates, etc., and studying these areas 
individually. There is no short cut to it. 


Mr. P. G. DowDeN asked: (1) How is the card punching 
verified? (2) The classification angle. The procedure appears 
to be usurping the Classification Committees. Is this being 
allowed for? (3) The Register Book. Mr. Batten stated that 
the contents of the Bible could be contained on one square 
inch of micro-film. Would the contents of the Register Book 
be contained on two square inches? 

THe AvuTHoR replied to question (1) that the verifying 
machine was identical to the card punching machine but that 
there were photo-electric cells instead of a punch. The machine 
will reject any cards which are punched in error. If there 
happens to be multi-punching on one line the machine will 
check this line and then clip the edge of the card if correct. 

In reply to question (2), the Committee will always be the 
governing body and will finally decide on classification. The 
computer is only doing the analysis up to the level of classifi- 
cation and removing drudgery. The computer will examine 
the records of any particular case and bring to light sufficient 
information for the Committee to make a decision. 

On the question of the Register Book, the Author stated 
that the Society has been asking Owners and Underwriters if 
they would be prepared to accept a viewer and micro-film. He 
thought that the contents of the Register Book would cover 
somewhat more than two square inches. 


Mr. W. I. HouGHTon said that reference had been made to 
“Time”. Was this human time or computer time? We must 
not lose sight of commonsense in these things. He gave the 
example of a demand which he had received from an Insur- 
ance Company for payment of a premium. This premium had 
been paid but the Insurance Company stated that it was a 
computer entry and would have to be referred back. It took 
the computer one month to confirm that the account had 
been paid. 

THe AuTHOR, in reply, quoted from a recent report of the 
Data Processing Manager which gave some indication of the 
time taken to finalise a program. A program is prepared and 
run through and then diagnostics tell you where the program 
is incorrect. There may be 200 diagnostics in a program, and 
then somebody suddenly remembers some data which had 
been forgotten. This involves a re-setting of the program and 
repeated checks. This all takes time. Ultimately the Society 
will have access to a much larger computer in addition to the 
one now installed in the London Office. 


Mr. W: T. Burns stated that the LR 76 program is per- 
haps the one most used, but some shipbuilders use other 
programs which have to be checked. He could see this snow- 
balling. Surveyors engaged on Plan Approval would have to 
be conversant with many programs. 

THe AuTHoR, in reply, stated that the checking of the pro- 
gram is the checking of a calculation. When preparing a 
program a number of assumptions have to be made and these 
assumptions may not be accurate. Other programs would have 
other assumptions and there is no alternative to checking each 
program. 


Mr. A. CAMPBELL, in proposing the vote of thanks, stated 
that Mr. Batten had upon a previous occasion presented a 
paper at Glasgow and it had fallen to Mr. Campbell to open 
the discussion in that case. He well remembers how impressed 
he was by the thoroughness of the paper and the excellent 
way in which it was presented. Mr. Batten had, this evening, 
presented another excellent paper which conveyed much 
information in an outstanding manner and the paper he was 


we 


sure had been enjoyed by everyone. 
The Visitors were also invited to take part in the discussion 
and the following points were raised: — 


Mr. IRVINE, Computer Manager at the Yarrow-Admiralty 
Research Department, congratulated the Author on his pre- 
sentation of such a complex subject, but he would like to 
know what precautions had been built into the system to cover 
the surveyor making an erroneous entry, such as the wrong 
code number or the wrong information on the sheet shown as 
Fig. 31 on page 24. 


THE AUTHOR stated that if the code number which had been 
entered did not apply to the particular ship, the computer 
would throw it out. He stressed the importance of the sur- 
veyor being accurate because every mistake is perpetuated. 


Mr. Macuattie, Hall Russell & Co. Ltd., made reference 
to the Tanker Rules and asked if the shipbuilder can receive 
first scantlings direct from the computer instead of having to 
prepare plans which are then submitted to London through 
the sub-oftices with the resulting delay. He thought that by 
sending the length, breadth, draught, frame spacing, etc., 
direct to London over the telex it should be possible to get 
the shell plating, main frames, beams, etc., through by return. 


THE AUTHOR stated that by tradition the shipbuilder, the 
enginebuilder and the owner always passed the information 
through the local surveyor who knew the particular condi- 
tions. The Society would be loath to bypass this link but once 
there are links between the Outports and the London Office 
the positions may be different. The Author asked Mr. Davies 
if he would care to make any comment on the question. 


Mr. Davies stated that the shipbuilder may not like the 
answer which he received. He made reference to two pro- 
grams which were prepared in Japan where everything was 
fed into the two largest computers but while this was success- 
ful it is hardly practical as a generality because so much 
depends upon the shipyard concerned. 


Mr. Lioyp, Caledon S.B. & E. Co. Ltd., stated that he did 
not think it was good to cut out the local offices, but he was 
surprised to learn that the Society have a program for tan- 
kers but not, apparently, a program for cargo ships. Are 
there particular problems connected with cargo ships? 

THE AUTHOR, in reply, stated that the new Tanker Rules 
were prepared before the new Cargo Ship Rules and for that 
reason, and that reason alone, the tanker program was out 
before the cargo ship program. 


Mr. LLoyD pointed out that the Cargo Ship Rules are now 
in computer form but the Society is only doing half the job. 


THE AUTHOR stated that it takes time to prepare programs 
and allowance must be made. 


Mr. Forrest, Chief Engineer, Yarrow-Admiralty Research 
Department, said that one always thinks of Lloyd’s as an 
insurance company and of Lloyd’s Register as an organisa- 
tion which sets standards. Y-A-R-D are engaged in investiga- 
ting many problems. Is Lloyd’s Register investigation, on the 
computer, (1) dynamic systems on critical items of machinery, 
and (2) control systems (automation)? 


THE AUTHOR stated that the Society was not, at this stage, 
investigating dynamic systems nor, for that matter, control 
systems. The Society was, however, investigating reliability 
problems and researching with the U.K.A.E.A. 


Mr. LIDDELL, Principal Officer, Board of Trade, stated that 
he was most impressed by the progress made in technology 
by Lloyd’s Register and wished that the Board of Trade were 
as far ahead. He drew attention to the fact that many ships 
are jointly surveyed by the Society’s surveyors and B.O.T. 
surveyors. He was interested in the fact that a record of the 
state of machinery survey is kept and put on microfilm, and 
wanted to know to whom the film was sent? Would it be 
possible for the B.O.T. to also have a microfilm? 


THE AUTHOR stated that there would be a record card on 
each ship and that would be kept up to date by the Society’s 
surveyor upon each visit to the ship. 

Following the vote of thanks on behalf of the Society 
by Mr. A. Campbell, Mr. W. McLaughlin, Chief Engine 
Designer, John Brown & Co. (Clydebank) Ltd., asked that 
he be permitted, on behalf of the Visitors, to express a sin- 
cere vote of thanks to Mr. Batten upon an excellent paper 
so well presented. 
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TECHNICAL RECORDS 


By G. M. BOYD 


INTRODUCTION 


The technical services which a Classification Society can 
offer to the industry depend almost entirely upon accumulated 
experience, research and judgement. The first of these, experi- 
ence, is embodied in the reports of the Surveyors and in their 
memories. The second, research, is embodied in the research 
reports of the Society itself, reports of research organisations, 
transactions of the learned societies and in the periodicals and 
books which are being published in ever increasing volume. 
Judgement, however, is a matter of personal character and 
knowledge, but for its effective application it must be based 
on factual information. Judgement without facts is guesswork. 

In order that the enormous mass of factual information 
available to the Society may be readily accessible for use in 
forming judgements, the first essential is that it should be 
organized, and the second is that it should be analysed and 
displayed in a form which can readily be digested by those 
who have to form the judgements. 

It was the realisation of these important facts which led 
to the formation of the Technical Records Office of Lloyd’s 
Register some 20 years ago and it is the intention of this 
paper to give some account of its development. 


HISTORICAL 


Before 1945 there were only rudimentary attempts to 
organize and analyse the information contained in Survey 
reports. These were processed through the Classing procedure, 
during which each case was dealt with individually, in the 
light of the knowledge and experience of the people con- 
cerned, after which the reports were relegated to the base- 
ment. It was part of the duty of the Reports Departments 
(Hull and Machinery) to draw to the attention of the Chief 
Surveyors any unusual matters reported, and particularly any 
important recurring defects. 

This was done mainly on the basis of examination of 
current reports, without detailed reference to previous reports. 
Some rather incomplete notes on reports of particular types 
of hull defects were kept in “Heavy Weather Books’. Similar 
books were kept in the Engine Reports Department. A typical 
page of one of the Ship Reports Department books is repro- 
duced in Fig. 1. Although some cross-indexing was done in 
these books, it was minimal, and the only way to find com- 
parable cases was to search the books. There was virtually no 
possibility of recovering data from the Basement Records 
unless the names and dates of build of the affected ships were 
known. 

Early in 1945 a study was made with the object of intro- 
ducing a more effective method, and a system which had 
previously been used for analysing fractures in war-built 
welded ships was adopted. This was based on edge-punched 
cards of the type illustrated in Fig. 2 (Ref. 1). 

The principle of the system is that the reports are sum- 
marised and entered on standard cards which have perfora- 
tions around the periphery. Each hole is assigned a definite 
meaning, and when this meaning applies to the matter entered 
on the card, the hole is notched out with a ticket punch, so 
that it is open to the edge of the card. When the cards so 


punched are assembled in random order in a pack, and a 
needle is passed through a hole position, the cards which are 
notched at this position are free to fall out of the pack when 
it is supported on the needle. By this means all the cards 
which have a given characteristic, or combination of charac- 
teristics, can readily be isolated, and the cards can be sorted 
in a very great number of ways to suit particular investiga- 
tions. 

The device was little known or used at the time, and this 
was the first application on such a large scale. Naturally, a 
great deal of thought had to be applied to selecting the mean- 
ings to be assigned to each of the holes, and there was very 
little “prior art” to serve as a guide. Errors were, of course. 
made and there were some false starts. Some of these early 
teething troubles have been described in a paper read to this 
Association in 1948/49 (Ref. 1). Eventually, however, the 
system was developed to a satisfactory stage and an amended 
card design was introduced (see Fig. 3). 

The system, apart from the early troubles mentioned, was 
successful from the beginning, and grew in scope and useful- 
ness as the number of reports entered increased over the years. 

Initially designed for, and applied to, hull defects only, the 
system was later, about 1951, extended to cover machinery 
defects, and new cards were designed for this purpose. In this 
application also the system soon proved its usefulness. 

These systems were confined to records of hull and machin- 
ery defects and damage and did not contain sufficient “back- 
ground” data to enable reliable statistics to be made, relating 
the number of defects to the number of comparable ships at 
risk and to the exposure times for these ships. The need for 
such statistics soon became apparent, and it was therefore 
decided to set up a separate system using the same edge- 
punched technique, to record the technical features of all 
classed ships and their machinery. The development of this 
“Register Card” system was also difficult in the initial stages, 
since a classed fleet of some 10,000 ships had to be catered 
for in considerable depth of detail. 

It was decided initially to set up the “Register Card” system 
for machinery only, and the effort was initially concentrated 
on this. It was found that the amount of technical detail to 
be recorded was greater than could be accommodated on the 
same size of card as the defect systems, so that a considerably 
larger card had to be adopted. This venture also proved 
successful, and was soon extended to cover hull details. Many 
difficult problems had to be overcome, however, including 
the important matter of up-dating, to provide for the many 
and frequent changes in hull and machinery particulars. 

At a later stage, as the demand for detailed statistics deve- 
loped, it was found that the large edge-punched cards were 
somewhat unwieldy to sort, handle and count. Moreover, they 
could not accommodate the increasing amount of technical 
detail that became necessary as the usage of the system 
increased. It was therefore decided to convert the ‘“Registet 
Card” data to 80-column punched cards which could be 
manipulated by a machine sorter and counter. The De La 
Rue Bull type of equipment was chosen and installed in 1964 
and the process of conversion was put in hand, first in respect 
of machinery data and later to the hull data. This conversion 
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is a lengthy process, which is still not complete, and entailed 
a great deal of concentrated thought to devise suitable codes 
and methods for routine conversion, up-dating and manipula- 
tion. The effort, however, has been rewarded by considerably 
easier and faster manipulation. 

The De La Rue Bull D3 sorter is a versatile machine, which, 
in addition to the normal sorting into alphabetical or numeri- 
cal order, can isolate information spread over up to 12 
columns, which need not be adjacent. It can compare each 
card with the preceding one, thus enabling sets of cards having 
common features to be assembled together, e.g. all cards 
relating to a particular ship. These facilities can be combined 
to cover a wide range of uses. 

It might be thought that this “Register Card” system would 
in some degree duplicate the records kept in the Statistics 
Department. This, however, is not so, because the two systems 
are different in scope and depth. Whereas the data handled by 
the Statistics Department covers the World Fleet (about 40,000 
ships) without great depth of technical detail, the Technical 
Records systems cover only, or mainly, Classed ships (about 
10,000) in very much greater detail. The Statistics Department 
systems are mainly concerned with general data of interest to 
Owners and Brokers but the Technical Records systems are 
concerned primarily with technical data regarding the struc- 
ture and machinery of ships. The two departments do, how- 
ever, work in harmony and frequently draw on both systems 
to answer specific enquiries. 

An important recent innovation, instituted mainly as a result 
of T.R.O. initiative, has been the assignment of unique identity 
numbers to all ships in the Register Book. This “LR number”, 
consisting of six digits, is assigned to each ship when first 
entered in the R.B. and remains unchanged throughout the 


life of the ship. Such a unique identity code is very useful in 
data-processing, particularly as most other characteristics of 
a ship, such as name, are liable to change. 


TECHNICAL LIBRARY 


It has been mentioned that much of the technical informa- 
tion required to assist judgement is embodied in research 
reports, transactions of technical societies, periodicals, text 
books and reference books. The importance of this type of 
information was also realised, and in 1957 it was decided to 
organize it by similar methods to those which had been found 
successful in relation to ship data and survey reports. 

Accordingly, the Technical Library was formed, as part of 
the Technical Records Office, and a new system of indexing 
was introduced. This is basically similar to the method 
described earlier in that it relies not on classification but on 
direct recognition of the features of the items sought. 

It was found that edge-punched cards would be unsuitable 
owing to the wide variety of subjects treated and the continu- 
ally changing character of the technical matter to be covered. 
It was decided, therefore, to use a different device, i.e. “Body- 
Punched Feature Cards”. 

In this system, instead of providing a card for each item, 
with the features indicated upon it by edge punchings, a card 
is provided for each feature, and the items which have this 
feature are indicated on the card by punching holes at definite 
positions denoting the serial numbers of the items. Thus, 
when a number of “feature cards” are superimposed and 
held up to the light the coincident punched holes show 
through and indicate the numbers of all the items which have 
all the features denoted by the cards used. For example, if it 
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were desired to find all the references to the effects of heat 
treatment on the strength of aluminium alloys the feature 
cards for 

ALUMINIUM 

ALLOYS 

STRENGTH 

HEAT TREATMENT 
would be superimposed and the positions of holes showing 
through the pack would indicate the serial numbers of the 
items required. An illustration of this example is given in 
Fig. 4 (Ref. 2). 

This system was also very successful, and is at present well 
established in use. Over 40,000 items have been indexed in 
this way, and can be retrieved without difficulty. More details 
of the system can be found in the reference cited. The method 
was known in embryo form when it was adopted for L.R. 
Technical Library, but largely as a result of its successful 
application there it has now become a highly developed and 
widely used technique for indexing in many different fields. 
It may be mentioned here that this “feature” approach is now 
the basis of computer methods for information retrieval. 


PRESENT ORGANIZATION OF TECHNICAL RECORDS 


At the present time (mid 1967) the Technical Records Office 
is organized on the lines of the diagram Fig. 5 with a staff of 
about 24 people. Some idea of the amount of data held can 
be obtained from Table I which shows card holdings at end 
of June, 1967. 

The input to the ship and machinery systems is mainly 
taken from the Surveyors’ reports. All of these pass through 
the department, where the technical matter is extracted, con- 
densed, and entered on the cards. Additional information is 
also extracted from Lloyds List Daily Casualty Reports and 
other sources. Lloyds List is also scanned daily and the Chief 
Surveyors are informed of any important new cases. This 
work is done mainly by clerical staff, who are specially trained 
and adept in selecting and condensing the technical “meat” 
of the reports, including consulting the plans and extracting 
supplementary information from these. The work is, of 
of course, done under technical supervision. 

The output varies widely in extent and form, according to 
the nature of individual enquiries, some examples of which 
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are given in the next section. Outputs vary from simple pro- 
duction of the relevant cards to extensive statistical investiga- 
tions. 

Most of the enquiries dealt with relate to specific questions, 
but some long-term running investigations are also made. 
These include periodical “Bulletins” on machinery defects, in 
which the defects affecting specific machinery components are 
reviewed. Separate bulletins are issued on each group of com- 
ponents (e.g. crankshafts, cylinder liners, pistons, etc.) in such 
a way that the whole field of machinery components is 
covered at approximately annual intervals. These bulletins 
have at present a strictly limited circulation among the senior 
technical staff. This limitation has been found necessary owing 
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to the discretionary aspects referred to later, since the bulletins 
mention names of manufacturers, etc., and involve compari- 
sons. Any trends which emerge can be taken up with the 
parties immediatetly concerned without transgressing the dis- 
cretions. 

Another extensive running analysis of machinery defects is 
in hand for the Chamber of Shipping of the U.K. Under this 
scheme, the Chamber supplies data provided by the partici- 
pating Owners directly and independently of the Society’s 
survey reports, without mentioning names of ships (which are 
assigned code numbers) or Owners. This data is analysed in 
Technical Records Office without reference to L.R. Survey 
reports, and the resulting analyses are passed direct to the 
Chamber without circulation within the Society, which in this 
instance acts simply as a data-processing bureau. 


NATURE OF ENQUIRIES 


The majority of the enquiries arise from current problems 
being handled by other technical departments of Lloyd’s 
Register, and may be roughly grouped as follows: — 


1. Enquiries arising from proposed Rule revisions. For 
example, the requirements for shell framing in way of 
cantilevers may be under review, and it is desired to know 
the numbers and types of trouble experienced with this 
form of construction. 


io) 


Enquiries arising from immediate day-to-day problems. 
For example, a particular Owner may report trouble with 
a particular type of rudder fitted on some of his ships, and 
it is desired to know whether this trouble is prevalent or 
confined to these ships. 


3. Need for re-examination of similar ships or components. 
For example, it may be found that the scavenge pistons 
of a particular type of engine have cracked in several 
ships, and have been repaired by a certain method. It then 
becomes desirable to re-examine the repair at stated 
intervals. The Technical Records can give information on 
the frequency of the trouble and so assist in determining 
the interval between examinations. It may also be desired 
to examine other engines with the same type of scavenge 
pumps, in which case T.R.O. can supply a list of ships so 
fitted. 


4. Effects of Rule revisions. It is often desirable to ascertain 
the effect of a Rule revision. For example, the Rules for 
ship steel were revised, in 1956/57, and an investigation 
was made in 1966 to compare the incidence of cracking in 
ships built before and after the revision. It was found that 
the incidence had markedly diminished, so proving the 
effectiveness of the revision. 

Trends. It is often useful to determine the extent to which 
a new method of construction, or a new type of com- 
ponent is coming into use. For example, the oil-lubricated 
(oil gland) type of stern tube bearing was developed 
mainly after the war, and in 1967 a study was made to 
indicate the extent to which this type was superseding the 
older types. 


6. Market Research. Enquiries are occasionally received from 
manufacturers wishing to enter the marine market, or to 
assess their share of it. The Technical Records can some- 
times give data on numbers of particular types of com- 
ponent fitted in new ships built in each year, classified 
according to size, etc. 


nn 


7. Comparisons. It is sometimes desirable to compare the 
incidences of a particular type of defect in one type of 
ship or engine with that in another type. Such comparisons 
can readily be made, subject to reservations which will be 
mentioned later. 


STATISTICAL METHODS 


A large proportion of the enquiries dealt with require statis- 
tical treatment. It is clearly of little use to give the numbers of 
a particular type of defect recorded unless this is related to the 
number of comparable ships or components at risk, and to 
the period during which they were exposed to risk. Conse- 
quently, most enquiries call for the determination of two 
elements, namely, the number of defects reported during a 
given period, and the number of comparable components at 
risk over the same period. The quotient of these two elements 
is the “incidence” for the particular defect, population and 
period. Thus: — 


Number of defects in the period 


Incidence = - - —— 
aggregate service time of similar components 


at risk in the period 


This quantity, the Incidence, has been used for many years 
in T.R.O., for comparing the behaviour of different types of 
components having the same or similar functions. However, 
like all statistics it must be applied and interpreted with 
caution. In particular, the defects and components involved 
must be comparable. It would clearly be absurd to compare 
leakages in bulkheads with cracks in rudder posts. This 
matter of comparability is difficult in practice, and must be 
tempered with judgement, because clearly it cannot be carried 
to extremes. It would also be absurd to compare two sets of 
components known to be identical under identical circum- 
stances, over the same period. 

Moreover, an incidence figure must be regarded as an 
average, and the confidence which can be attached to it 
depends on the amount of data upon which it is based. Con- 
sequently, the more reliable incidence figures are those which 
are averages of large populations or periods in which there 
may be large variations in behaviour of individual com- 
ponents or periods. This point has to be carefully considered 
when endeavouring to find the effects of age. 

Much has been written, particularly in recent times, on 
“Reliability”, meaning statistical methods for assessing the 
reliability of components, based on data derived from experi- 
ence. There are many possible measures of reliability, one of 
which is the “Incidence” previously mentioned. This quantity 
may, with some reservations, be regarded as the probability 
that an individual component will develop the particular 
defect considered in unit time. The reciprocal of the incidence 
is the ‘Mean Time Between Failures” (MTBF) which is also 
a commonly used measure of reliability. 

Another measure sometimes used is the probability that a 
component will survive a specified period of service without 
developing a particular kind of defect or failure. This measure 
is attractive because it varies from zero for a totally unreliable 
component to unity for a totally reliable one. It must, how- 
ever, be associated with a definite period of time. 

A similar related measure is a “probable life’ which is 
the most probable period of service for a component before 
developing a particular type of fault. 


All these measures of reliability and others which can be 
used, must be applied and interpreted with due caution, and 
a full appreciation of their limitations. The choice of measure 
depends very largely on the properties of the data itself. For 
example, if a probability of survival or a probable life is to 
be calculated it is very necessary to know when the “life” of 
each component begins. This is not always available to T.R.O. 
since some components are installed or renewed without being 
reported by the Surveyors. Moreover, some components end 
their service for reasons other than the defect considered, and 
this introduces complications which require quite advanced 
statistical technique. Although different measures of reliability 
are often related in some way it is not always justifiable to 
convert one to another by simple formule. 

In using and interpreting statistical methods for assessing 
reliability it is important to remember that they are simply 
devices to derive from the available data some indications of 
the probabilities that a set of new components of similar kind 
will survive for some specified time without developing a 
specified kind of fault. They are, therefore, aids to extrapola- 
tion from past experience and consequently subject to im- 
portant limitations. If, for example, it were found from an 
analysis of electric light bulbs that their probable life was 400 
hours, this by itself would not give any real assurance that an 
individual bulb would not fail within the first hour. 

Statistical methods are always open to criticism, not least 
by statisticians themselves. This is, of course, fully appreciated 
in T.R.O. where the aim is to use statistics tempered by judge- 
ment and common sense. The main danger lies not so much in 
the statistics themselves, as in their interpretation, which is 
the concern of the people for whom the reports are written. 

Statistics are no better than the data upon which they are 
based, and the limitations of the data must constantly be 
borne in mind. The next section of this paper is devoted to 
this aspect of T.R.O. data. 


LIMITATIONS 


Although the Technical Records systems comprise an enor- 
mous amount of factual data, which has great potential value, 
its utilization must naturally be subject to some limitations, 
some of which are inherent in the data available, while others 
arise from external considerations such as discretion in 
divulging information. Some of these limitations will now be 
discussed. 

1. The Technical Records are almost entirely dependent 
upon the Surveyors’ reports. If these are incomplete, or 
deficient in technical content, the data is, of course, affected 
accordingly. Not all types of defect fall within the purview of 
the Surveyors, and others which would normally be reported 
do not come to the notice of the Surveyors. For example, 
minor repairs and replacements are often made by ships’ per- 
sonnel under normal maintenance schedules and some quite 
important (from the operational viewpoint) troubles are dealt 
with without reference to the Surveyors. This means that the 
available data on some types of defect are more complete 
than on others and the degree of completeness is difficult or 
impossible to assess. Moreover, the technical reasons for 
repairs or replacements are not always reported, and the true 
technical causes are not always available to or ascertainable 
by the Surveyors, who are mainly concerned with the detec- 
tion and correction of faults rather than with their causes. 


2. The Surveyors’ reports are often conditioned by legal 
considerations These impose limitations on statements of 
opinion, which could be of considerable technical value. 

3. Pressure of work often precludes the Surveyors from 
enquiring into or investigating the causes and attendant cir- 
cumstances of minor failures. Such investigations are occa- 
sionally made at Owner’s request but these form a small 
proportion. 

4. Much information which could be useful in assisting 
Owners and manufacturers to devise remedial measures is not 
available to the Society, such as operating conditions, delay 
times and costs of repairs. 

5. The Society is in a position of trust in relation to 
information obtained through the Surveyors, and in order to 
discharge its duty with integrity and impartiality it must 
maintain strict discretion in divulging such information. This 
imposes limitations, particularly in comparing the products 
of one manufacturer or shipbuilder with those of another, and 
in comparing the experiences of different Owners. 

6. Comparisons based on the incidence of defects or trouble 
inevitably entail assessments of importance or severity. For 
example in comparing two types of engines it may be found 
that one is prone to scoring of cylinder liners, while the other 
has suffered occasional cracking of crankshafts. In such cases, 
in the absence of some measure of relative importance, such 
as delay times or costs of repairs, the comparisons can only 
be subjective. The real situations that frequently arise are 
much more complicated than this simple example. There is a 
real need for the development of some system of weighting 
factors by which relative importances could be assigned to 
facilitate such comparisons. 

7. As previously mentioned, the dates of installation of 
some components are not always known or reported by the 
Surveyors. This seriously limits, or precludes, studies of the 
effects of age on incidence of defects, or calculations of 
probable lives. 

8. There is a marked, and perhaps, natural reluctance on 
the part of the Owners, manufacturers and shipbuilders to 
supply supplementary technical information over and above 
that required for strictly Classification purposes. The reasons 
for this are many, and include reluctance to supply informa- 
tion which might benefit competitors or which might affect 
the Classification of a ship. There is also the question of the 
cost of collecting and reporting such supplementary data, and 
doubts as to whether it can in fact be processed and utilised. 


THE FUTURE 
The future of the Technical Records Office will depend on 
three important factors: — 
(1) Improvement in the quality and completeness of the data 
received and recorded. 


(2) Improvements in methods for recording and processing 
the data. 


(3) Improvement in the utilisation of the data. 
These will now be discussed in the above order. 


(1) Improvements in input data. 

The limitations of the present supply of data, mentioned 
earlier, will no doubt be alleviated in the future. Very con- 
siderable improvements have been made in recent years, and 
these may be expected to continue, particularly as the value 


of organized, factual information is becoming more widely 
appreciated. 

Directions in which these improvements may be expected 
are, firstly in the technical content of survey reports, and in 
the inclusion in these reports of dates of installation of com- 
ponents, as well as the circumstances and causes of defects 
reported, materials of components affected, etc. Secondly, it 
may be expected that Owners and others will increasingly 
appreciate the value of providing supplementary information 
on delay times due to defects and on the service conditions, 
weather and so on. It will be essential, however, that in return 
for such information, the Owners should benefit from the 
analysis of the data. 

It may be expected also that the completeness and consistency 
of reporting will be improved, and that the format and style 
of reporting will be standardised so that the data supplied to 
T.R.O. will be more concise, accurate and unambiguous. 
There is a need for standardization of terms used to describe 
components and defects, as well as identification numbering 
of frame stations, tanks, bulkheads, cylinders, machinery units, 
and so on. 


(2) Improvements in recording and processing. 

The greatest advances under this heading may be expected 
to emerge from the increasing use of computer facilities. It is 
easy, however, to over-estimate the benefits to be derived from 
these, or the savings in time and staff that would result from 
them. The computer could relieve the staff of the drudgery 
of routine calculations, particularly of a statistical character, 
and would enable more sophisticated methods to be used. The 
results could also be obtained more rapidly. These advantages 
would, however, be offset to some extent by the increased 
labour, time and skill required to prepare the data for the 
computer and to prepare and test the necessary programmes. 

The net advantages of computerization would vary accord- 
ing to the type of data and its purpose, both of which vary 
between different sections of the Technical Records function. 

The data held in T.R.O. is basically of two distinct types, 
i.e. (a) particulars of ships and their machinery, including 
modifications and conversions, and (b) records of defects, 
damages, etc. These two types of data require separate and 
different treatments, which would affect the economics and 
expediency of computerization. 

The particulars of ships and machinery (a) are fairly 
amenable to computer storage and processing, and steps are 
already being taken to do this. From a storage point of view, 
the data are extensive and detailed even when confined to 
Classed ships, so that considerable condensation by coding 
will be essential, and corresponding arrangements for decoding 
will be necessary. 

On the processing side, the kind of questions to be asked of 
the “particulars” file will have to be considered. These vary 
widely in character, from the isolation of ships having speci- 
fied characteristics to statistical studies of trends in design, 
dimensions and the like. The main requirement, however, will 
be to provide “denominator” information for use in the 
calculation of incidences and other measures of the prevalence 
of specific types of defects. This involves isolating the ships 
at risk which are relevant to the enquiry and calculating their 
exposure times. In many cases the simple aggregate exposure 
time is sufficient, but in others it may be desirable to calculate 
the distribution of exposures, with averages and dispersions. 
All these functions can readily be done by computer, provided 
that suitable programs can be produced or are available. No 


doubt standard programs and sub-routines will be developed, 
but these will probably be numerous and varied so that means 
will have to be developed for selecting the correct program 
to be used in specific cases. 

With regard to the records of defects (b) the situation is 
considerably more complex and difficult. The defects and their 
attendant circumstance are extremely diverse and detailed, 
often entailing the use of sketches or diagrams, so that the 
coding and decoding becomes a major problem. Moreover, 
the output must be in a form which is acceptable to the tech- 
nicians, for the service of whom the system is maintained. A 
Surveyor concerned with a specific technical problem requires 
information of a very detailed technical character, and is 
more concerned with the details of the defect, its cause and 
its attendant circumstances than with the statistics. This means 
that the system must be capable of producing “hard”, handle- 
able, visual records which are directly relevant to the case in 
hand, rather than lists of ships or reports. This kind of output 
is readily produced, at satisfactory speed, by the present 
method, and it is doubtful whether a computer could afford 
sufficient improvement to warrant the extra labour of prepar- 
ing the data and programming. It also means that visual 
records of defects would have to be maintained on more or 
less the present lines, in addition to any which might be stored 
in the computer. 

For these reasons, it seems probable that in so far as 
storage and retrieval of data on defects is concerned, the 
present methods are likely to subsist for some time. 

Undoubtedly, however, the computer could be of great 
assistance in statistical investigations concerned with defects, 
particularly when these involve consideration of numbers of 
comparable ships at risk and their exposure times. In such 
cases it may be envisaged that the specific data relating to the 
defects relevant to the particular investigation would be 
extracted from the existing systems and fed into the computer 
along with the appropriate program, as part of the general 
instructions to the computer for the particular case. Thus, 
only a limited amount of defect data relevant to the case in 
hand would be converted for computer processing, instead of 
converting the whole mass of defect data, much of which 
would never be used in this way. 


The computer may also be expected to assist considerably 
with “running” investigations. These are usually concerned 
with certain specific types of defects or particular types of 
component affected, and this specific, or selected, defect data 
would be fed to the computer as required. 

These functions would not, however, justify putting all the 
data on all types of defect into the computer storage. The 
sheer volume of such data alone almost precludes its storage 
by computer, and would present a formidable problem of 
coding and decoding if important technical detail is not to be 
sacrificed. 

So far as simple retrieval of defect information, as distinct 
from calculation, is concerned the main advantage of the 
computer would be its speed. This would have to be assessed 
by comparing the computer-stored method with the present 
methods, taking into account the programming and decoding 
times, and also the matter of availability of the computer. 
Under the present arrangements, the speed of retrieval is quite 
high. For example, all the defects in main propulsion oil 
engine crosshead bearings, reported between August, 1957, 
and September, 1966, relating to all classed ships could be 
produced in visual form in a matter of an hour from receipt 
of the enquiry. It is doubtful whether the necessary program 
for the computer could be produced or selected in this time, 
and it is improbable that the computer would be immediately 
available. The computer output, moreover, would have to be 
converted to a form usable by the technical enquirer. 

A further field in which the recording and storage of defect 
data might be improved is concerned with the actual form of 
the storage. For instance, the present edge-punched cards 
might be replaced by micro-films or other compact form of 
copying. Many modern devices of this kind are available, 
including microfilms inserted in machine-punched cards. The 
main advantages of such devices lie in the direction of space- 
saving, but this is achieved at some sacrifice of visibility, and 
at considerable cost. Microfilming entails viewers, and these 
are not generally very acceptable to the technical enquirer, 
since the screen images are not handleable and cannot be 
readily amended by written notes. Some such devices incor- 
porate means for producing “hard” copies, but this does not 
usually solve the problem. The savings in space, offered by 


TABLE I—T.R.O. CARD HOLDINGS 


JULY 1967 
Suip SECTION MACHINERY SECTION TOTALS 
Edge Edge Edge 

Punched Punched Bull Total Punched Bull Total 

Defect Cards 77,880 96,180 — 96,180 174,060 _ 174,060 
Register Cards 14,546 13,770 29,000 42,770 28,316 29,000 57,316 
Other Projects — 5,196 16,500 21,696 5,196 16,500 21,696 
Totals 92,426 115,146 45,500 160,646 207,572 45,500 253,072 
Year’s Growth 9.916 9,322 5,837 15,159 19,238 5,837 25,115 


Note.—In addition to the above, approximately 3,600 cards on steel data are held. 
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such devices, are often considerable when they replace bulky 
documents, but in the present case they would be replacing 
cards, which are already very compact and which do not 
suffer from the drawbacks mentioned. 


(3) Improvements in utilization 


From the beginning it has been the policy of T.R.O. that 
its function is to collect and store technical information in 
compact and accessible form, and to produce it in usable 
form as and when required. The uses to which the informa- 
tion is put, and the judgements or decisions that are based 
upon it have been regarded as in the domain of the technical 
staff. It may be that in the future, technical assessments of 
the data will be made to an increasing extent within T.R.O. 

The output from T.R.O. has, broadly speaking, two distinct 
objectives ; firstly, to provide information in answer to specific 
enquiries, and secondly, to disclose cases or areas in which 
detailed technical investigations may be appropriate. The first 
of these is straightforward, entailing only the isolation of the 
relevant information and presenting it in suitable form. The 
second is more difficult and subjective entailing as it does the 
continual scanning of the data in the hope of discovering 
significant trends which may be latent anywhere in a vast 
amount of data. This need is to some extent met by the run- 
ning bulletins on machinery defects mentioned earlier, but 
there remains a great deal that could, and probably should, 
be done were suitable facilities available. It is to be expected 
that, as mentioned earlier, the computer will enable more 
systematic scanning of the data to be done, perhaps on a 
limited number of specific types of defect. 

In the area of actions arising from the output of T.R.O. 
which as mentioned earlier is considered to be in the domain 
of the technicians, two types of action are indicated, i.e. feed- 
back to shipbuilders and manufacturers, and Rule revisions. 

On the former aspect, good relations with the shipbuilders 
and manufacturers seem essential, so that they appreciate the 
helpfulness of any such feed-back. In general, they seldom 
hear much about the service history of their products after 
the guarantee period has elapsed, but most enlightened pro- 
ducers are interested in the long-term history so that they can 
improve their products. At present, owing to the discretionary 
limitations mentioned earlier, the producers can only be 
informed of the experience with their own products, although 
information on the experience of other producers with similar 
products would clearly be very useful to them. This difficulty, 
it seems, can only be overcome by agreements between groups 
of producers, and it may be that in the future such agreements 
will become more numerous. The Society will no doubt assist 
this process by preserving the necessary discretions and impar- 
tiality. Similar considerations apply to users of products who 


would require not only to agree among themselves, but to 
enlist the co-operation of producers. 

The second type of action, namely Rule revision, is some- 
what simpler, although under the constitution of the Society 
all such revisions are subject to the consent of committees 
representing the producers and users affected. It is to be 
expected that in the future the information which can be 
provided by T.R.O. will be increasingly used in support of 
recommendations for Rule amendments, and may well lead 
to relaxations of requirements found by experience (reflected 
in the records) to be unnecessarily severe. 


CONCLUSION 


Comparing the present paper with the one given to the Staff 
Association in the early stages of the record system nearly 20 
years ago (Ref. 1), it is interesting to find that what was then 
a dream has materialised into a well established activity of 
the Society. This might be regarded by some as an example 
of the operation of Parkinson’s Law, but in reality it is a 
reflection of progressive changes which have been taking place 
in industry generally. The realisation of the importance of 
organized accessible facts, and of the effective utilization of 
these facts, is probably one of the most important factors in 
industrial progress in this century. It may be confidently 
predicted that with the aid of modern facilities for storing, 
retrieving and processing such facts, this development will 
proceed at an accelerated pace. 

The Technical Records, in their present form may be 
regarded as a nucleus from which even greater growth will 
come in the next generation than in the last. 
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Discussion on Mr. G. M. Boyd’s Paper 


TECHNICAL RECORDS 


Mr. OVE NILSSON (Malmo) 


Being one of the many anonymous suppliers of the 
information compiled in the records through my reports I 
have read this paper with great interest and would like to 
thank the Author and at the same time comment on a few 
items under “limitations” and “future”. 


As stated, the records can never be any better than the 
source, the reports, and the Author quite rightly asks for an 
improvement in the quality and completeness of these. A 
special form and perhaps standard expressions may also be 
useful. As pointed out, the reason for a damage is always to 
be reported “‘as stated” and the restriction in this respect 
often prevents the local surveyor from giving his opinion for 
the damage. The separate letter to the Secretary, which is a 
way out of the difficulty, is very seldom written. In a case 
recently I had to listen to three different causes of the same 
damage, presented by the owners, the underwriters and the 
repairers, all influenced by the economical interests from the 
parts involved and all of them, in my opinion, wrong. In 
similar cases I try to report as clearly as possible in order to 
have the real cause made obvious through the facts presented 
in the report. In this connection I would like to draw the 
attention to the fact that the instruction to surveyors asks for 
detailed information of all fractures, with one exception, 
“trivial service fractures”. Frankly, I have never understood 
what is meant. In my opinion no fracture is trivial. A con- 
struction is not made to fracture and if this happens some- 
thing must be wrong and should be corrected, particularly 
internal fractures in tankers which may be called service 
fractures. These fractures can often be related to a special 
constructional detail and may appear in dozens. 

It must be important to distinguish between damages caused 
by contact and damages having other reasons. A damage 
caused by contact is, of course, trivial when looking for con- 
structional defects. It can be mentioned that the contact 
damages are the most common ones and little attention is 
paid to other defects by the repairing manager and the super- 
intendent and when looking for them a surveyor is always 
alone. It is understandable that the replacing of damaged shell 
plating calls for more attention than small fractures easy to 
repair and offering little in the way of profit. 

A few years ago a paper dealing with ship damages was 
presented in Gothenburg and in the discussion afterwards a 
man expressed as his opinion that “it is the most important 
duty of a classification society to supply interested parties with 
information regarding damages”. 


My first thought was that it is far more important for a 
classification society to act in such a manner that there will 
be no damages to report, but as this is obviously never 
achieved it must be admitted that the more the information 
about casualties can be spread the better the constructions 
will be in the future. A step in this direction was no doubt 
the paper, “Detail design in ships”, distributed a few years 
ago. The Author has given some examples of how the 
information available through the records can be used and I 


would like to put up for discussion a few other ways of using 
the records, namely : — 


I. To the Builders. Another classification society used to 
furnish the builder of a ship with what they called 
“damage cards” in order to keep them informed how 
their constructions behaved in service. I realise the 
difficulties from legal points of view, as the builders are 
no longer the owners of the ship, but maybe with the 
owners’ consent a similar system could be built up. 
Questions about such a system are often raised and 
from daily visits in the drawing office I can verify that 
such information would be most welcome. 


Il. To the Surveyor in charge of a docking or a special 
survey. The history of a ship is not always known to 
the Surveyor carrying out a survey, and a brief descrip- 
tion of previous casualties could sometimes be useful. 
Last spring I saw two ships in dry dock, one ore carrier 
and one tanker. They both had seawater inlets placed in 
the bilge strakes, and a number of them were found 
fractured. From position and size of insert plates it was 
obvious that this was a common type of fracture in 
these ships. Unfortunately, it was also obvious that 
some of the fractures were not new and the possibility 
that they had been overlooked at previous dockings was 
quite clear. 


Ill. To the Owners. If a detail proves to be bad and has to 
be reconstructed it is a Surveyor’s duty to recommend 
the ship to be repaired and the construction amended. 
It is not a popular thing to take a ship out of service 
unexpectedly. Apart from the delay, the owners have to 
pay the alteration costs as the Underwriters are not 
interested in alterations, not even in necessary ones. This 
part of a Surveyor’s duty is a most delicate one and 
calls for very careful handling. Support from the head 
office by means of a message to the owners prior to the 
docking would be most welcome. 


Mr. D. GRAY 


The Author has mentioned reliability and the use of relia- 
bility theories. It is difficult to see how these can be used in 
the marine industry at the present time. Reliability in this 
context must be allied to a time scale based on previous 
statistical evidence of failure and this statistical evidence is 
not available in the marine field. 


Reliability theories have been used to a considerable extent 
in the aircraft industry. For instance, when the automatic 
landing aid was being developed for the VC 10, the aircraft 
industry was able to investigate all failures which had 
occurred during landing operations; the figure was | x 10-7. 
The industry was then in a position to say to the designers 
of the automatic landing aid that provided, when using relia- 
bility theories, the equipment had a reliability of at least 
1 x 10-7, then it would be considered for approval. 


More recently the automative industry has been making use 
of reliability theories. It is the use of such techniques which 
has enabled firms such as General Motors and the Chrysler 
Corporation to give a warranty with their more recent pro- 
ducts of 50,000 miles or five years, whichever comes first, but 
irrespective of the number of owners the car may have had. 

The aircraft industry is very well documented; more 
recently the automative industry has attempted to assemble 
statistics. The marine industry is woefully short of such docu- 
mentation. There are many shipowners who are not aware 
of the failures that occur in their ships; there are other 
owners who are aware of such failures but will not publish 
their figures. As an example of the first category some years 
ago a large industrial concern with about 30,000 electric 
motors in service were able to state that the failure rate of 
electric motors was about 2 per cent per year; further they 
were in a position to state, from an analysis of records, that 
much of the blame could be placed on inadequate protective 
equipment. The firm were then in a position to foster research 
into better methods of motor protection. However, there are 
probably no shipowners who can provide such figures as 
these from their records. In many cases replacement of 
defective items is carried out and this is regarded as normal 
maintenance. 

CES records cannot fill this gap. Basically the records kept 
by the Society consist of factual records made up from first 
entry reports. The records of failure must inevitably be very 
sketchy due to inadequate reporting, not necessarily by the 
Society’s staff, but by ships’ staffs. 

Factual records, as obtained from F.E. Reports, can be 
extremely useful as a means of market research. Damage 
records must be treated with a certain amount of reserve due 
to their lack of completeness. 

The Author has rightly said that statistics are no better 
than the data upon which they are based and it is suggested 
that T.R.O. should always be consulted whenever an F.E. 
form is being prepared or amended. 

One feature of the recording system which springs to mind 
is the correlation of information. When a failure occurs to 
any piece of equipment the question is inevitably asked, “Has 
it occurred before? Are there any common circumstances 
between the current failure and any previous failures?” Fre- 
quently such questions are asked only as a result of the good 
memory of the man asking the question. Could the Author 
say whether it is possible for the recording system to ask 
such questions automatically itself? 


Mr. S. ARCHER 


Although Mr. Boyd describes his paper as “valedictory”, 
we who have known, admired and worked with him over the 
past twenty-odd years are glad that we shall still be able to 
enjoy his company and wise advice for some time to come 
during his periodic visits to the office. 

This paper is characteristic of Boyd, if I may say so—clear, 
logical, self-critical and forward-looking. It is a valuable and 
fitting legacy to the Society from our retiring first Technical 
Records Officer. 

The Author has given an interesting historical outline of 
the development of technical records, and perhaps I may be 
allowed to fill in some of the detail so far as the engine side 
is concerned. Initially he concerned himself with ship defects 
only, and it was not until some years later, at first under 
Bob Moffitt, that the Machinery Records System came into 
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being. When Bob Moffitt left it fell to my lot, assisted by 
W. S. Shields and T. E. Larmont, to design the main and 
auxiliary defects cards. I well remember the numerous 
“proof” cards which successively had to be discarded or 
amended before we came up with the final version which 
included the use of double-row punching on the lower edges 
as the only practicable means of covering the essential 
machinery components within the size of card permitted. As 
Mr. Boyd has rightly stated, the first “Register” card was 
designed for machinery only. This was another product of 
the engineering team already mentioned who had, before 
long, recognised that the numerator in terms of number 
of defects was only half the story without the denominator 
giving the total population time at risk. Perhaps, therefore, 
I may be forgiven a certain sentimental attachment to this 
particular project in that I was so closely associated with its 
initiation and, indeed, “christening”. 

One of Mr. Boyd’s plaints over the years has been that far 
too few people on the technical staff seem to be aware of the 
powerful resources of T.R.O. and, additionally, when an 
important and sometimes even alarming picture is painted by 
T.R.O. of the nature and prevalence of some particular 
trouble or defect, all too often no action results. The biggest 
hurdles any pioneer has to clear are the inertia and resistance 
to change characteristic of the established traditional order, 
and it is indeed fortunate for L.R. that we had a man like 
Geoff Boyd who was both completely convinced of the justice 
of his cause and sufficiently eloquent to plead it in the right 
quarters. 

By the very nature of things, the stricture regarding lack 
of action on evidence provided by T.R.O. must, in the main, 
be directed towards the senior strata of the technical staff, 
and accordingly I must plead “touché” to some degree. How- 
ever, despite this, I think I may fairly claim, speaking also 
for R.A.T.A.S. as a whole, to be among the more enthusiastic 
patrons of T.R.O., perhaps in part because of my earlier 
connection with the work. 

Here, I would like to take this opportunity to acknowledge 
the very great value of the extensive statistical and other data 
provided by T.R.O. which it has been possible to make use 
of in various technical papers and thereby enhance the reputa- 
tion of the Society. Invidious or not, I would like to mention 
in particular the outstanding work of Mr. S. G. Pratt in this 
connection. It would be quite a good idea really if every 
surveyor of senior grade and upwards, if not also younger 
surveyors, were made to spend a month in T.R.O. in order 
to qualify as technologically “with it”! 


Technical Library 


When one remembers the technical content of the library 
before the establishment of the present Technical Library, 
and the depressingly out-of-date, almost historical text books 
which were all that it had to offer the eager enquirer, one is 
again conscious of the not inconsiderable contribution made 
by Mr. Boyd and his team to the present-day technical excel- 
lence of the Society. Mr. Boyd is modest in describing on 
page 3 the introduction of the body-punched feature card 
system of indexing which is such a successful attribute of the 
new library. I can well remember how he evolved the idea 
of a co-ordinate punching machine to facilitate and speed-up 
the accurate punching of the feature cards and how he 
designed and built it himself in his own workshop. The design 
is still, I understand, largely the same and has also been 


adopted by many outside libraries and other organisations, 
again to the all-round advantage of the Society’s status in 
the technological world. 


Nature of Enquiries 

The list given on page 5 clearly indicates the wide scope 
of the Records System in providing answers and information 
on a multitude of subjects. Personally, I believe I have over 
the years consulted T.R.O. on all the examples given, barring 
No. 6—Market Research—and I think, without exception, the 
replies from T.R.O. have been given promptly (often un- 
believably so!) and in a readily “digestible” form. Almost 
invariably, too, T.R.O. are careful to qualify their results, if 
necessary, by pointing out any statistical weaknesses that may 
have been present. Under No. 4 might be mentioned the 
drastic reduction in cracked diesel engine bedplates conse- 
quent upon the introduction of the rule requirement for stress 
relieving heat treatment in 1959. Without T.R.O. the establish- 
ment of the effect of this measure would have been extremely 
arduous. 


Statistical Methods 


I would particularly commend Mr. Boyd’s words of wisdom 
on the application of statistical methods to the assessment of 
“Reliability”. Far too often snap conclusions are drawn upon 
inadequate statistical methods or, for example, too small 
populations or ship years or engine years, and it is reassuring 
to know that T.R.O. have their feet firmly on the ground in 
this important aspect of their work. With the presence among 
them of a professionally qualified statistician in Mr. Heming- 
way they are fortunately unlikely to drop into the pitfalls 
which await the amateur statistician. 

Limitations 

When I said Mr. Boyd’s paper was self-critical I meant, of 
course, merely that he was only too well aware of the various 
limitations in the Records Systems such as those inherent in 
the data available, e.g. the surveyors’ reports, and others 
arising from confidentiality considerations. All these he has 


clearly listed and discussed on pages 6 and 7, and they will 
repay careful study. 


The Future 


Of the three fields of improvement given on page 7 I would 
like to support the Author, particularly on item (i) in respect 
of the technical content of survey reports. These are at present 
limited almost entirely to classification items and from the 
point of view of research, Rule revision, etc., there is much 
scope for the inclusion of more information of a technical 
nature. Where this is in the nature of opinions as to causes 
of failures, however, it is clear that such must be separately 
reported if the present “Instructions to Surveyors” are to be 
observed. After all, the surveyors’ reports may one day be 
required as factual evidence in court and expressions of 
opinion in the report as to cause could be compromising for 
the surveyor and the Society. 

On item (iii) I think the extent to which technical assess- 
ment of T.R.O. data may be made in the Department in the 
future will unavoidably be of a minor nature since in most 
cases the problems fed into the system derive from specialist 
surveyors and experts in many widely different fields who 
alone can bring the necessary technological judgments to 
bear both on the setting and scope of the investigations and 
on the interpretation of their results. 


In conclusion, I would like to congratulate Mr. Boyd on his 
truly excellent paper which I am sure will remain a classic in 
our Staff Association annals for many years to come. 


Mr. O. M. CLEMMETSEN 


Mr. Boyd has given us a very interesting resumé of the 
T.R.O. section showing how it developed from rather humble 
beginnings, i.e. the heavy weather books. There is only one 
question I would like to ask on the paper, and that is the 
question of the aggregate service time of components at risk 
with particular reference to hull statistics. Is the time at risk 
obtained by actually summing the ages of individual ships 
built during a certain period or is there an approximate 
method of obtaining this figure which is good enough for 
the purpose? 

Commenting on the paper in general there is scope for 
builders to consult the records to see how their ships have 
fared since completion, and this only requires that the builders 
obtain the permission of the present owners of the ship. This 
has been done, I believe, in one case. However, the usefulness 
of such an operation is limited by the fact that minor troubles 
which can be cured by improvements in detailed design, are 
only reported by the surveyors under the heading of minor 
repairs. 

In consulting the damage cards to obtain guidance on 
improvements in design, it is very necessary to have some 
idea of the cause of the damage; for instance, a recent 
investigation into the relative incidence of fractures in the 
sole piece of welded sternframes was very revealing when it 
was realised that the fractures in sole pieces where simplex 
posts were fitted were much greater than in those where a 
solid back post was fitted. 

If the Society is to develop its consultancy services with 
special reference to design studies, then much more data can 
be put on the first entry cards, which would enable an 
enquirer to very quickly find ships with similar characteristics 
to the one under consideration. This matter is at present being 
discussed with the first entry card section of T.R.O. 


AUTHOR’S REPLY 


Mr. Nilsson’s remarks show considerable insight and under- 
standing of the aims and potentialities of the Technical 
Records, and some of his suggestions are indeed useful. His 
doubts as to the meaning of “trivial service fractures” are 
shared by the Author, and no doubt this and other points in 
the Instructions to Surveyors will be dealt with in future 
revisions. He raises the important matter of “feed-back”. 
which has been discussed in the paper. This is a difficult 
subject which will no doubt be considered and improved in 
the future. It is interesting that he says “Another Classifica- 
tion Society used to furnish damage cards”. One presumes 
that this has been discontinued due to the difficulties involved. 
Lloyd’s Register has always made considerable efforts to 
disseminate information through papers to learned Societies, 
and by direct contact with builders and owners. 

Mr. Gray refers to reliability theory, which has been 
covered in the paper. Even with relatively incomplete data, 
some very useful information on reliability can be obtained. 
It is a matter of definition of the criteria for reliability, which 
can be done in many ways. As stated in the paper, the usual 


criterion used in T.R.O. investigations has been the “inci- 
dence”, i.e. the number of defects reported per unit of 
aggregate exposure time. This is a useful measure which has 
proved valuable in innumerable investigations made by T.R.O. 
The more sophisticated measures often defined in treatises on 
reliability require more detailed data than is usually available 
in practical circumstances. 


It is made abundantly clear in the paper that the data 
recorded by T.R.O. is much more than just “factual records 
made up from first entry reports’. The F.E. Reports merely 
provide the background data, i.e. the denominator of the 
statistical fraction. The great majority of the records consist 
of actual reports of defects, failures and damage, culled from 
the survey reports. This data is admittedly incomplete, as 
stated in the paper, but not so incomplete as to be valueless, 
as might be inferred from Mr. Gray’s remarks. It is true, 
however, that the reporting of electrical defects is consider- 
ably less complete than in other areas, due to circumstances 
outside the control of T.R.O. It is a matter for consideration 
whether this deficiency should be repaired by suitable action 
by the electrical departments. The systems in use in T.R.O. 
are quite capable of absorbing additional information on 
electrical defects if it were made available. 


On the questions “Has it occurred before”? and “Are there 
any common circumstances between current failures and any 
previous failures?” These can be, and indeed are, frequently 
answered in T.R.O. investigations, many of which have related 
to recurring failures or defects. 

On the matter of asking, and answering, questions auto- 


matically, Mr. Gray is referred to the paper, in which this 
aspect has been discussed. The records themselves are passive, 


like a store of data in a computer. Such a store cannot ask, 
nor answer, questions by itself. Someone has to ask the 
questions, and someone must say how the store is to be used 
to answer them. 

Most of the questions dealt with by T.R.O. are posed by 
external enquirers, as stated in the paper, and are answered 
individually. Some, however, are of a “running” nature, i.e. 
questions which are left in being, to be answered periodically. 
This type of question is implicit in the “Bulletins” on machi- 
nery defects, and in running investigations such as the 
Chamber of Shipping scheme. Other questions are posed, and 
answered, by the staff of T.R.O. in the course of investiga- 
tions and routine examination of reports. 

Mr. Archer’s complimentary remarks are greatly appre- 
ciated. He is in a better position than many to understand 
the potentialities, and limitations, of the Technical Records. 
His mentioning of names, which could not be done appro- 
priately in the paper is also very welcome. He has underlined 
many of the points made in the paper and drawn attention 
to the advantages that might well accrue from its careful 
perusal. 

Mr. Clemmetsen asks about the calculation of aggregate 
service time at risk. This is indeed done by actually summing 
the ages of individual ships. The only approximation is that 
fractions of a month are ignored. This, however, averages 
out, so that the final figures are adequately accurate. Regard- 
ing his point on consultation of the records by builders, this 
has often been done, with the consent of owners. Even minor 
troubles, when reported, are recorded and made available. 

The Author wishes to thank all the contributors to the 
discussion, which has considerably enhanced the value of the 


paper. 
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SOME FURTHER NOTES ON THE CARRIAGE OF LIQUEFIED GASES 


by F. H. ATKINSON & S. SUMNER 


INTRODUCTION 


The carriage of liquefied gases on board ships is not new 
but the design of such ships still presents many problems 
which are a challenge to the naval architect and engineer 
alike. 

A paper on the subject of the carriage of liquefied petro- 
leum and natural gases was presented to the Staff Association 
by Mr. J. B. Davies, B.Sc., in March, 1962 (Ref. 1). Since that 
time a number of changes have taken place in the method of 
transporting liquefied gas but the fundamental principles out- 
lined in that paper still hold good. It is our intention to bring 
up to date the information relevant to the carriage of liquefied 
gases and, where necessary, to enlarge upon what has previ- 
ously been written. It is not the intention of the Authors to 
lay down rigid requirements but rather to give flexible guide 
lines for the carriage of liquefied gases as it is appreciated that 
the subject is still very much in its infancy and continually 
expanding. Also the types of cargoes now being carried by the 
so-called L.P.G. ships are no longer confined to liquefied 
petroleum gases. 

The majority of liquefied gas carriers which have been 
built in recent years have been designed for the carriage of 
propane, butane, butadiene and anhydrous ammonia. Some 
of these ships are also arranged to carry other cargoes which 
have particular additional hazards, e.g. ethylene oxide. 

With the discovery of North Sea gas the previously expected 
rise in the number of methane carriers required for transport- 
ing this cargo to Britain has not materialized. A few of these 
ships are, however, being built for transporting methane from 
Alaska to Japan and from Libya to Italy, etc. 

Whereas the need to import LNG into Great Britain may 
have declined, the world demand for liquefied gas as a source 
of energy is increasing. Similarly the chemical industry and 
fertilizer producers will require more and more basic materials 
that can only be transported in bulk by liquefied gas carriers. 
This is particularly true of the demand by emergent nations 
for fertilizers of which ammonia is a very important con- 
stituent. 

Particulars of some typical natural gases and petroleum 
gases were given in Mr. Davies’ paper and it is not considered 
necessary to repeat the information here. It can be mentioned, 
however, that the composition of commercial butane and 
propane is not rigidly specified and will vary from one load- 
ing port to another, but a typical analysis is as follows: — 


Commercial Butane Commercial Propane 


Butylene 48°S°, Propylene 28—30°/, 
Isobutane iby Ethane 04%, 
N-Butane 40°, Propane 66°, 
Pentane Uae 


It is usual to specify the quality of a grade by stating that 
its vapour pressure must not exceed a certain value at a given 
temperature. 

Vapour pressure—temperature curves for typical commer- 
cial and pure grades of butane and propane are shown in 
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Vapour pressure/temperature curves for typical 
commercial and pure grades of butane and 
propane. 


Fig. 1. Similar curves for ammonia, methane and ethylene are 
shown in Figs. 2, 3 and 4 respectively. 

Although the majority of the liquefied gases presently trans- 
ported by ship do not present an unusual hazard, special 
precautions need to be taken when carrying cargoes such as 
butadiene or ethylene oxide. The main danger with all 
liquefied petroleum gases arises from leakage or the venting 
of gas to the atmosphere with the consequent risk of fire or 
explosion. It is thought well to mention at this stage that as 
ammonia is an inflammable gas it is treated as such and is 
dealt with as for L.P.G. 


The continuous venting to the atmosphere of inflammable 
vapours which have a specific gravity greater than that of air 
is not permitted by the Society or by the majority of authori- 
ties as such vapours could tend to accumulate on deck and 
to descend through openings into machinery and similar 
spaces. For obvious reasons the continuous venting to the 
atmosphere of toxic or poisonous vapours would also not be 
permitted. 

Consequently if it is desired to carry any of the foregoing 
types of liquefied gases at pressures below that corresponding 
to their vapour pressures at ambient temperature it will be 
necessary for refrigerating equipment to be provided on board 
ship in order to maintain the liquid cargo at the carrying 
temperature. 

Cargo tanks which are intended for transporting liquefied 
gas under pressure at ambient temperature should be designed 
for a pressure not less than the vapour pressure of the lique- 
fied gas at 45°C. 


Types of Liquefied Gas Carriers 


Broadly speaking liquefied gas carriers presently in service 
can be divided into four types, depending upon the conditions 
under which the cargo may be carried. 


1. Pressure type in which the liquefied gas is carried in pres- 
sure tanks at ambient temperature and no refrigerating 
plant is provided on board ship. 


2. Semi-refrigerated type in which the cargo is also carried 
in pressure type tanks, although in this case refrigerating 
plant is provided on board ship and the temperature of 
the cargo can be maintained somewhat below ambient 
with a corresponding reduction of pressure in the tanks. 


3. Fully refrigerated type in which the cargo is carried at low 
temperature and at approximately atmospheric pressure in 
non-pressure type tanks. Refrigerating plant is provided 
on board ship except in the case of methane carriers where 
the “boil-off” from the cargo tanks is utilised for main 
propulsion purposes or is vented to the atmosphere via 
the safety risers. This being permitted on account of the 
low specific gravity of methane gas. 


4. Pressure type in which the cargo is carried in pressure type 
tanks the material of which is suitable for low tempera- 
ture. In this case the cargo can be carried under pressure 
at ambient temperature or at approximately atmospheric 
pressure at low temperature or under any intermediate 
condition. Refrigerating plant is provided on board ship. 


Liquefied gas carriers of type (1) have been in use since 
before the second world war whilst those of type (2) have, in 
general, only come into use over the past five years or so. 

Gas carriers of type (3) can be sub-divided into two main 
types; the L.N.G. or methane carriers, which have been in 
service for about ten years, and the refrigerated L.P.G./ 
ammonia carriers, which have now been in service for about 
five years. 

The latter type, with the exception of one or two specialised 
carriers which have been built for carrying ethylene at minus 
104°C and ammonia at minus 33°C, have been designed for 
a minimum service temperature of about minus 50°C. 

Gas carriers of type (4) are a fairly recent innovation and 
only one or two of these ships have been built to date, 
although it is quite probable that they will become more 
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Vapour pressure/temperature curve for ammonia. 


popular owing to their versatility. So far as the Authors are 
aware the first ship of this type was the Lincoln Ellsworth 
which was built in 1966 by Messrs. A.G. Weser of Bremer- 
haven. An interesting feature of this ship is the single cargo 
tank which is formed from two intersecting cylinders and is 
constructed from 5 per cent nickel steel. It is designed for a 
maximum working pressure of about 75 Ib./in.* and a mini- 
mum service temperature of minus 104°C. 

In gas carriers of types 1, 2 and 4 the cargo is usually 
carried in cylindrical pressure vessels and the present tendency 
is for them to be arranged horizontally in the ship. 

In general, pressure type cargo tanks should be constructed 
and tested in accordance with the Rules for Class I welded 
pressure vessels. Cargo tanks for liquefied gas carriers of type 
(1) are usually designed for a working pressure of about 250 
lb./in., i.e. approximate vapour pressure of commercial pro- 
pane at 45°C. For liquefied gas carriers of type (2) the cargo 
tanks are usually designed for a working pressure of about 
100 Ib./in.2 and for a minimum service temperature of about 
0°C to minus 10°C. So far as gas carriers of type (4) are 
concerned the trend would appear to be for the cargo tanks 
to be designed for a maximum working pressure of about 70 
or 80 lb./in.2 and for a minimum service temperature of minus 
50°C or minus 104°C depending upon whether or not it is 
intended to carry ethylene in addition to such cargoes as 
propane, butane and ammonia. 

The non-pressure type cargo tanks required for liquefied 
gas carriers of type (3) are usually designed for a maximum 
vapour pressure of 4 to 10 Ib./in.2 whether they be of the free 


standing or integral type and a description of these tanks is 
given elsewhere in the paper. 

It can be mentioned at this point that liquefied gas carriers 
have been built which are a combination of two or more of 
the foregoing types, e.g. ships of type (3) with additional 
cargo tanks of the pressure type on deck. 

Further, an appreciable number of combined oil and lique- 
fied gas carriers have been built in which the cargo oil is 
carried in wing tanks and the liquefied gas in the centre tanks, 
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Vapour pressure/temperature curve for methane. 
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Vapour pressure/temperature curve for ethylene. 


or holds, in pressure or non-pressure type tanks. Also a few 
oil tankers have been provided with L.P.G. pressure tanks on 
deck or in a forward hold, or in the cargo oil tanks themselves 
with the domes, or the upper portions of the tanks protruding 
above the deck. 

Separate cargo handling systems are provided on these 
ships so that the two different kinds of cargoes can be loaded, 
transported and discharged simultaneously if so desired. 


General Arrangement 


The general arrangement of L.P.G. carriers has not, as yet, 
reached the stage when it can be stereotyped and each innova- 
tion in cargo handling or storage has some slight effect on the 
design and layout of the ship. Design experience by shipyards 
and service experience with such ships is still limited, so each 
submission received by the Society contains new and novel 
ideas. 

Since Reference No. | was written the trend has been 
away from liquefied natural gas carriers, continually trading 
between two ports on liner type routes, towards liquefied 
petroleum/ammonia carriers. Such ships are designed for 
sophisticated tramp trading and must be capable of both 
rapidly and frequently switching from one cargo to another. 
Generally, they must also be very independent and carry all 
the necessary equipment which will allow them to pick up 
cargo at various combinations of pressure and temperature in 
remote ports, and where necessary convert the cargo to the 
pressure/temperature arrangement for which the ship is 
classed. Ammonia is usually the heaviest cargo carried, having 
a specific gravity of -68 at a temperature of —33°C, and so 
the proportions of a propane/ammonia carrier are generally 
nearer to a conventional tanker than those of a methane 
carrier. 

Propane carriers having a minimum temperature notation 
of —45°C are commonly of the single skin type with the side 
shell forming the secondary barrier. To provide as large a 
capacity as possible for a given set of dimensions such ships 
have been provided with a continuous trunk between the poop 
and the forecastle. The trunk not only gives added cubic capa- 
city, as the cargo tanks are also trunked, but greatly facili- 
tates the fitting of the top anti-roll keys. The keys are usually 
fitted in line with the main deck which offers adequate resist- 
ance to the dynamic movement of the tank. As the trunk 
is relatively narrow and the minimum temperature is only 
—45°C, the contraction of the tank produces only a small 
acceptable transverse separation at the faying surfaces of the 
keys. This separation can, if required, be reduced by having 
the faying surfaces of the keys backed up with a rubber type 
composition such as neoprene under slight compression. 

One of the disadvantages of vessels without wing tanks (i.e. 
single skinned types) is the difficulty in providing sufficient 
ballast to maintain adequate draught and trim without pre- 
judicing the bending moment. To overcome this, and to 
provide a comfortable ballast condition, the design of L.P.G. 
carriers now tends to follow the trend of bulk carriers by 
having deck saddle tanks and hopper side tanks. This arrange- 
ment provides a variable ballast condition which gives good 
propeller immersion, reasonable trim and low still water 
ballast bending moments. 

L.P.G./ammonia ships usually have only two superstruc- 
tures, a poop and a forecastle, with a deckhouse on the 
exposed upper deck to house the control room, reliquefaction 
plant and its motor room and any other equipment peculiar 


: 


Y ew eee =~ 


to the cargo and cargo handling. Each room is to be j BS 
separated from the other by a gas-tight bulkhead and access j 
is only to be gained from the open deck. Enclosed passage- eaorerraere 
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modation or working spaces in the poop or forecastle and the 
control room. The control room should be easily accessible 
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it is desirable to have from the control room an extensive view 
of the cargo tank deck area. Whilst not directly within the 
province of the Naval Architect, and only partially under his 
control, some consideration should be given at a very early ne a wa a wo li ee a | 
stage to the pipe layout on the main deck. The number of 5 \ 5 ed \ 
pipes visible on the main deck is incredible and the look of ae —~ 
the ship can be greatly enhanced by endeavouring, at the - 
design stage, to arrive at a layout which is both economical 
and efficient without being ugly. Also at this stage the siting Min service temp — 50°F. 
of the mast risers should be carefully considered to ensure 
. i Sas Aa . Fic. 5 

that they are as distant from any living accommodation, 
working space and electrical equipment as it is possible to be. Single skin propane carrier: 

It is now felt that some relaxation can be made regarding 
the necessity of having cofferdams or deep tanks at the 
forward and after ends of the cargo tank space and these may 
now be replaced, if desired, with oil fuel bunkers. Pump 
rooms for the handling of the cargo, however, are not gener- 
ally allowed below deck and must, like all other cargo hand- 
ling equipment, be sited on or above the main deck in way of 
cargo tanks. 

Liquefied gas carriers for refrigerated cargoes at atmos- 
pheric pressure have generally tended to fall into two main 
categories : — 


(a) where the ship structure acts as the secondary barrier (this 
is acceptable for cargoes carried at temperatures above 
49°C), 

(b) where the secondary barrier is independent from the ship 
and separated from it by the necessary thickness and 
quality of insulation such that the temperature of the 
ship structure will not fall below that compatible with 
the quality of steel used. 


Figs. 5, 6 and 7 are provided as a rough guide to the quality 
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and distribution of the ship material required for the two Grade A 
foregoing types of ship. Grade Ermer meee on Fic. 6 

Double skin propane carrier. 
Safety ; 


On ships carrying inflammable liquefied gases, safety is of oe 
prime importance. The safety of a liquefied gas carrier is not 
only dependent on the design of the ship and tank structure, 
but also on the nature of the cargoes carried and the method 


of handling these cargoes. Any project or part of a project a 
must be considered as a whole, and not in isolation, and such > 
considerations should include a study of :— Transverse ee 


(1) The temperature of the cargo and the effect this tempera- 
ture will have on the surrounding ship structure. 

(2) The pressure limitations under which the cargo can be 
carried. 

(3) The fire hazard of the cargo. 

(4) Whether the cargo is stable or reactive to outside influ- 
ences. 

(5) The toxicity of the cargo. 


No limitation on min temp 


Fic. 7 


safety. This process is not intended to restrict the number of Double skin liquefied natural gas carrier. 


Only by examining and appreciating the foregoing five 
properties can a vessel be designed to produce maximum 


cargoes that can be carried in bulk but rather to promote 
designs so that the converse may apply, thereby extending the 
carriage in bulk of unusual cargoes by sea. 

Comparison has often been made between safety precau- 
tions taken on a conventional oil tanker and those on a 
liquefied gas ship, with implication that the safety measures 
are too strict on the latter. However, it should be remembered 
that the volume of gas generated on a tanker is considerably 
less than that which could be produced on an L.P.G. or 
L.N.G. vessel. Liquefied gas carriers are relatively new and it 
has been possible to use in their design all the accumulated 
experience of tanker operations without having to worry 
about precedents. 

For a fire or explosion to take place there must be present 
an explosive mixture and a source of ignition. By controlling 
both of these factors it is possible to considerably reduce the 
risk of a major catastrophe. The accumulation of gas outside 
of the cargo tanks is prevented by ensuring that all pipe joints, 
etc., are tight and that boil-off vapours heavier than air are 
reliquefied and returned to the cargo tanks. In the event of the 
safety relief valves to the cargo tanks or piping system lifting, 
any escaping vapour should only find exit at the mast head 
through the risers, The mast risers should be situated well 
clear of any accommodation or working space or any other 
possible source of ignition. 

Within the cargo tanks the accumulation of explosive 
mixtures is prevented by inerting the tanks prior to loading 
cargo and again prior to gas freeing. The containment spaces 
are to be continually inerted. If a supercooled cargo is carried 
then it is carried under a blanket of inert gas. 

The risk of ignition is reduced by careful choice of all 
equipment whether for cargo handling or normal shipboard 
use. Ship’s personnel should be fully aware of the hazards 
associated with the cargo they are carrying and the remedial 
or first aid measures necessary to combat any contamination 
from it. The crew should also be completely familiar with the 
complex and sophisticated equipment carried on liquefied gas 
ships. 

The explosive range of most hydrocarbons is between 2 per 
cent by volume in air for the lower explosive limit and 15 per 
cent by volume for the upper explosive limit. This explosive 
range is considerably greater for more exotic cargoes and 
ethylene oxide has a range of 3 per cent to 100 per cent by 
volume. For such cargoes especially stringent measures are 
necessary but it is not intended to deviate into this aspect at 
this time. 

In view of the temperature at which refrigerated liquefied 
gases are carried, care must be taken to ensure that the ship 
structure surrounding the cargo tanks is not unduly cooled. 
The ship must be adequately insulated and where necessary 
made of a notch-tough material to guard against the risk of 
brittle fracture. Means should also be provided for the tem- 
porary containment of the cargo should a tank be bilged. 

It is also very necessary to protect and insulate the ship’s 
structure against accidental spillage in way of pipe flanges, 
cargo manifolds and mast risers, or any other area where 
leaks may be anticipated. An adequate supply of drip trays 
should be carried, but it is further recommended that where 
practicable the deck be permanently insulated in way of mast 
risers and main cargo manifolds. 

The most efficient way of detecting any cargo leaks or gas 
escapes is by a gas detector. Apart from ammonia, reliance 
on smell is of little use as most hydrocarbons have a slightly 


nm 


anaesthetising effect which dulls the senses. 

To detect leaks from the cargo tanks into the containment 
spaces, as well as from the cargo piping system into spaces 
concerned with the handling and operation of the liquid 
cargo, an efficient permanent automatic gas detector is neces- 
sary. This detector should sample gas from the reliquefaction 
plant space, the control room, motor room and containment 
spaces as well as any other enclosed space adjacent to the 
cargo area where gas may accumulate. There are a variety of 
devices employed to detect hydrocarbon gas mixtures but 
most employ either an electrical or chemical principle and if 
the former is used then it is to be intrinsically safe. For ships 
capable of carrying a variety of cargoes, say propane and 
ammonia, the monitoring device must take samples from both 
the top and bottom of the spaces it is sensing because of the 
different densities of the vapours. Samples must also be taken 
from both the forward and after ends of the containment space. 
If only one cargo is carried then the gas sample need only be 
taken from the top or bottom of the space depending on the 
vapour density, over the anticipated temperature range of the 
gas, of the cargo to be carried. 

In addition to the fixed gas detecting system, it is recom- 
mended that ships be provided with portable gas detecting 
apparatus so that spot checks can be made for the accumula- 
tion of cargo gas on any part of the ship. It is essential that 
all gas detectors be periodically calibrated and for this pur- 
pose the vessel should be supplied with bottles of “Span Gas”. 
Span gas is an oxygen/cargo gas mixture corresponding to 
30 per cent of the lower explosive limit of the cargo being 
carried. 

To ensure that the containment spaces are adequately 
inerted when cargo is being carried, or that the cargo tanks 
are inerted prior to gas freeing or purging with cargo vapour 
before spray cooling, oxygen meters are also to be carried. 
For methane, and most of the liquefied petroleum gases, a 
space is considered to be inerted when the oxygen content of 
the space is less than 6 per cent. For anhydrous ammonia, 
with a lower explosive limit of 16 per cent by volume in air, 
the oxygen content should be less than 12 per cent. Contain- 
ment spaces should be kept at a very slight positive pressure 
with inert gas to prevent the dilution of the inert gas by 
ingress of air, and also to prevent any moisture from entering. 

As stated later in the paper, in the Chapter on Secondary 
Barriers, thermocouples are sometimes necessary on the hull 
structure to give warning of any developing cold spot. As 
thermocouples will not give 100 per cent coverage unless a 
prohibitive number are employed, however, it is further 
recommended that the cofferdams and water ballast tanks 
surrounding the containment space be periodically inspected 
for the presence of such cold spots. Cold spots are isolated 
areas of frosting on the bulkheads of the containment space 
indicating a breakdown of the insulation or the presence 
of a thermal bridge. They can also indicate the presence of 
moisture in the insulation due to fractures in the containment 
space bulkheads or leaks from other sources. 


With free standing tanks, no direct contact is allowed 
between the tank and hull structure and, therefore, the con- 
nection and closing of the opening between the ship and tank 
where the tank dome protrudes through the deck is to be 
elastic. The elasticity of the connection is not only to accom- 
modate contraction of the tank when cooling, but also the 
compression of the supports, particularly if neoprene pads 
are fitted. 


The use of automation and automatic controls has greatly 
increased the safety of liquefied gas carriers. Any unusual or 
unwanted pressure or temperature fluctuation in the cargo 
handling system can be detected, and indicated by the 
automatic sensing and display devices, and the necessary 
remedial measures taken. In many liquefied gas ships the 
complete cargo handling system can be operated from the 
control room and the situation of all pumps, cargo levels, 
valves, etc., assessed from the data logger, mimic diagram and 
display unit. Such an arrangement is shown in photograph 
No. 1. 

Fire precautions and prevention have also to be carefully 
studied when a design is being drawn up, but with the very 
adequate measures taken it is thought that a liquefied gas ship 
presents no more of a hazard than a conventional tanker. It 
is essential that the ship’s crew be aware of the fire hazard as 
well as the possible toxic nature of the cargo, also the risk of 
frostbite when low temperature cargoes are being handled. 
Recommendations for equipment for personnel are to be dealt 
with in a later paper on the refrigeration aspects of liquefied 
gas carriers. 
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NON-PRESSURE VESSEL TYPE CARGO TANKS 


General 

The shape of the cargo tank is decided upon by reference 
to many parameters. For a minimum tank weight to tank 
volume ratio, a spherical tank offers the best solution. Such 
a tank lends itself to thin wall, relatively light scantlings with- 
out inducing high stresses, but is uneconomical in its use of 
hold capacity. In order to achieve maximum cargo capacity 
within the hold space available, most cargo tanks of the non- 
pressure vessel type are rectangular shaped and designed for 
minimum scantlings. The tanks are fitted into the ship with 
as little clearance as possible between them and the ship. 
This tendency for maximum space usage, which is very 
desirable in view of the light density of the cargoes carried, 
presents problems if and when any cargo tank or insulation 
repairs are necessary. It is not unusual for tanks to fit so 
closely into the hold space that even minor repairs can entail 
lifting the cargo tanks out of the ship and this in turn could 
necessitate the complete removal of the deck head in way. As 
confidence in the carriage of liquefied petroleum gas under 
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PHOTOGRAPH No. 1 


Control console 
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refrigeration in bulk has developed, cargo tanks have gener- 
ally tended to increase in size with a corresponding decrease 
in the number of tanks per ship. A common size of tank is 
one capable of carrying 3,000 tons of cargo and, as a ratio of 
tank weight to cargo weight is about | to 10, a tank weight 
of 300 not uncommon. This could present cranage 
problems during construction and later if any repairs are 
It is not unusual to have tanks designed with jack- 
ing brackets to facilitate any future repairs to the base of the 
tanks. While discussing tank weight, it is well to note that 
refrigerated tanks can carry a bigger deadweight than non- 
refrigerated pressure vessels of equal volume. 

Cargo tanks, like those of oil tankers, are restricted in 
length to one-tenth of the ship’s length, or 50 ft., unless a 
transverse wash bulkhead is fitted when the tank length may 
be to -2L. This requirement may, however, be 
relaxed if the tanks are always to be full in service or other 
considerations warrant it. 

The workmanship of cargo tanks must be of a particularly 
high standard with great attention paid to detail. Alignment of 
both primary and secondary members must be perfect and 
care must be taken both with the structure and the welding 
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to eliminate discontinuities. 
at their toes. 

All tanks so far built to the Society’s class have been self- 
supporting, except for one experimental membrane tank, but 
investigations are being made into the feasibility of a com- 
pletely integrated tank for the carriage of refrigerated cargoes. 
Comment in this section of the paper will, however, be con- 
fined to membrane or self-supporting tanks with some men- 
tion of pressure vessel type tanks, designed for the carriage 
of both refrigerated and pressurized cargoes, operating be- 
tween defined limits of minimum temperature and maximum 
pressure. 


Brackets are to be well softened 


Membrane Tanks 


A membrane or integrated tank is designed to contain the 
liquid cargo but not support it, the support coming from the 
ship’s structure backing up the membrane. The membrane, 
although supported by the ship, must be thermally indepen- 
dent from it and capable of absorbing within itself all con- 
tractions and expansions without inducing any high degree of 


stress. The foregoing has been achieved in a number of ways, 
all of which, in general, solve the problem in the same 
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PHOTOGRAPH No. 2 


Membrane tank. 


manner. Each membrane tank has built into it some form of 
expansion piece that allows individual panels of plating to 
expand or contract without altering the overall dimensions of 
the tank. One such method is shown in photograph No. 2, 
where the tank plate is corrugated in two directions at right 
angles to one another. All contraction and expansion, due to 
temperature changes, are taken up by the corrugations either 
flattening or closing. A similar method is to have the tank 
made up from a series of rectangular trays, each tray having 
a lip or rim round each of its edges. The tray size can vary 
depending on its position and shape of the tank, but is gener- 
ally about 3 feet square with a lip of 3 inches. The tank is 
made up by welding the trays together, either on the edge of 
the lip or near to it (see Fig. 8). 


or Penetration weld 4 inch from edge 
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Typical membrane joint. 


Tips of flanges welded 
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Thermal movement is taken up by the trays opening and 
closing whilst pivoting about the welded joint. As the trays 
are only about 3 feet square, the movement at the butts is 
of a very small order, but extensive fatigue tests are neces- 
sary before such an arrangement is accepted. The membrane 
material, in view of its function, is usually thin stainless steel, 
generally of the order of 40 to 60 thousandths of an inch 
thick. The secondary barrier for membrane tanks is usually 
embedded within the insulation and of a similar construction 
of the primary tank. With such an arrangement it is impos- 
sible to hydraulically test the tank or to radiograph the joints, 
so a great deal of protoype testing is necessary. The tanks and 
secondary barrier are leak tested on completion with the aid 
of helium or halogen gas and a gas sampling device, or a gas 
detecting lamp, both of which are capable of detecting gas 
at a dilution of two or three parts per million. The gas is 
usually injected into the insulation space between the primary 
and secondary barrier and a very detailed examination is 
made of the joints with the gas detector within the tank. To 
test the secondary barrier the atmosphere is sampled behind the 
secondary barrier. With membrane tanks it is usual to have 
air channels within the insulation to allow the free passage 
of gas to facilitate the leak testing. Although membrane tanks 
are designed to be always under a slight positive pressure, it 
is necessary for the plate panels to be held in place to prevent 
them from falling away from the insulation and containment 
bulkheads. This is achieved by having pegs embedded in the 
insulation and welded to the centre of the plate panel. The 
pegs are fastened to a wood or other non-heat conducting 
support. 

There can be no doubt that membrane tanks offer a new 
and technically exciting way of carrying liquefied gases, they 
are, however, still very much in their infancy and require 
extensive prototype testing before being irrevocably accepted. 
Unlike self-supporting tanks, membrane tanks tend to be out- 
side the normal scope of a shipbuilder and require many new 
and unusual techniques to be employed in their construction. 
A ship fitted with membrane tanks would not only have a 


greater carrying capacity when compared with a similar vessel 
having self-supporting tanks, but there would also be an 
appreciable reduction in light weight. 


Self-Supporting Tanks 


Self-supporting tanks are completely independent of the 
ship’s structure, except in way of the keys and supports. The 
keys and supports prevent the tank from moving as a unit, 
but allow it to contract freely when cooled. Such tanks can 
be spherical, cylindrical, multi-lobed or rectangular but are 
generally the last. Square corners are not permitted on refri- 
gerated cargo tanks because of the contraction stresses which 
could exist. Care should be taken when choosing a tank 
material to ensure that its physical properties, particularly 
Charpy values, are not impaired by any subsequent cold or 
hot working. Once the pressure distribution diagram has been 
drawn (see Appendix II), the scantlings of the internal struc- 
ture can be arrived at as shown in Ref. 1. For new or unusual 
designs, however, it is also necessary to examine the tank 
structure as a whole under the influence of the internal 
dynamic loading and the external reactions from the keys 
and supports. It is also necessary to examine the ship support- 
ing structure in way of the keys to ensure that the ship is not 
overstressed. 


Pressure Vessel Type Tanks 


It is not intended to go into detail for this type of tank, 
but proposals which would permit the carriage of liquefied 
gases at temperatures less than —10°C, without the necessity 
of providing the ship with a secondary barrier, have recently 
been approved. This is a most attractive and economical way 
of transporting such cargoes. The Society has accepted pro- 
posals for the omission of the secondary barrier where the 
cargo is carried in pressure vessels, not thermally stress 
relieved, and with the tank working pressure resricted to 40 
per cent of the design pressure for temperatures lower than 
—30°C. For cargo temperatures above —10°C the full design 
pressure is allowed. For temperatures between —10°C and 
—30°C the maximum working pressure is found by interpola- 
tion, i.e. for a temperature of —20°C the working pressure is 
not to exceed 70 per cent of the design pressure. It the cargo 
carrying temperature is above —10°C or a secondary barrier 
is fitted or the pressure vessel has been thermally stress relieved, 
then, of course, the working pressure and design pressure are 
synonymous. 

Whilst considerable experience is available regarding the 
carriage of liquids under pressure at ambient temperature, and 
this experience shows that leaks in pressure vessels are very 
rare, experience with large shipborne pressure vessels for tem 
peratures below —10°C is extremely scarce, in fact is virtually 
non-existent. For this reason, when the secondary barrier is 
omitted, it is felt prudent to restrict the pressure of the vessel 
to 40 per cent of its design pressure when the cargo tempera- 
ture is less than minus 30°C until a history of safe operation 
has been established. The problem is continually under review, 
however, and each design is considered on its merits. 

To merit approval for the omission of the secondary barrier 
it is necessary for the cargo tanks to comply with the follow- 
ing: — 

(1) Design is to be carefully considered to minimise all geo- 
metric stress raisers. 


The vessels are manufactured and tested to normal Class 
1 requirements, but thermal stress relieving may not be 
required, except for fabricated sections subject to 
restraint such as plates incorporating nozzles and support 
fittings. Such fittings will require thermal stress relieving 
before assembly in the vessel. 

In general, all plate material is to be impact tested to give 

at least 35 ft.lb. Charpy V-notch at the minimum service 

temperature. This value may, however, be varied depend- 
ing on size of vessel, location of vessel and type of 
material used. 

(4) All procedure and production welds are to be impact 
tested to give at least 27 ft.lb. Charpy V-notch at the 
minimum service temperature for test pieces notched at 
the weld centre and in heat affected zone ; again this may 
be varied depending on the factors given in the last sen- 
tence of (3) above. 

If approval is required by the U.S.C.G. and the design pres- 
sure is less than 100 p.s.i. and the minimum temperature less 
than —30°C, then, in addition to the foregoing four points, 
the pressure vessel will also have to be mechanically stress 
relieved by hydraulically testing the tank for a definite period, 
depending on the thickness of the tank, at a pressure 50 per 
cent in excess of the design pressure. For pressures greater 
than 100 p.s.i. then thermal stress relieving will be necessary. 

Where the test pressure for U.S.C.G. requirements exceeds 
Lloyd’s Register test pressure, then this will have to be taken 


(2) 


(3) 


Where a ship carries cargo in pressure vessels designed for 
a wide range of pressures and temperatures, the foregoing 
design not only has the economic advantage of not requiring 
a secondary barrier, but also has a wide field of operation 
within the maximum pressure and minimum temperature 
limitations. 

The growing demand for L.P.G. cargoes has introduced a 
need for tramp type L.P.G. ships capable of accepting and 
delivering cargoes under a variety of conditions, and the low 
temperature /high pressure vessel type tank successfully fulfils 
these requirements. Such a ship, fitted with tanks designed for 
a maximum pressure of 100 p.s.i. and a minimum temperature 
of —103°C, could successfully carry ethylene at any tempera- 
ture between —103°C and —78°C, propane between tempera- 
tures of —45°C (its boiling point) and +13°C and ammonia 
at temperatures between —33°C and +17°C. Butane can be 
carried under all conditions. 


Cargo Tank Material 


The choice of the material for non-pressure type cargo 
tanks covers a fairly wide field and is no longer confined to 
aluminium. Developments in the steel industry have produced 
steels which are suitable for temperatures lower than —240°C. 
Final choice of material will, however, depend on: — 


(a) Physical properties at service temperature. 
(b) Weldability of material. 


into account in the design of the tanks. (c) Cost. 
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Charpy V-notch impact transition curves. 
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The choice of material with regard to physical properties is 
usually governed by the notch toughness of the material at 
the service temperature. Some materials, such as aluminium 
and copper, are inherently tough at all temperatures, but the 
notch toughness of steel depends very much on the alloying 
elements and subsequent heat treatment. It is not intended in 
this paper to go into the complexities of steel making, but 
rather to give a rough guide as to choice of material for a 
given temperature range. A more detailed analysis of a 
material’s acceptability can be found in Ref. 2. 

For the carriage of liquefied gases on a commercial basis, 
the choice of material falls into three main classes: — 


1. Steel 


Ordinary mild steel becomes increasingly less notch tough 
as the temperature falls but by the addition of various alloys, 
such as nickel, molybdenum, manganese, niobium, etc., allied 
with varying heat treatments, it is possible to produce a steel 
suitable for many of the commercially liquefied gases. 

The notch toughness of a steel, or its resistance to brittle 
fracture, is usually determined by the Charpy V-notch impact 
test. The Society requires that the chosen steel should have 
a Charpy impact value of 40 ft.lb. at the service temperature 
and Fig. 9 shows transition curves, for various steels, of 
impact energy plotted against temperature. From a transition 
curve it is possible to generally assess a steel’s suitability for 
any particular cargo but, before a final choice is made, it is 
necessary to closely examine the other properties of the steel. 
Generally speaking, the cost of a particular steel will increase 
in inverse proportion to its transition temperature. This may 
not be the only criterion for acceptance as some nickel steels 
are generally held to be more easily weldable than others. It 
is usually accepted, for instance, that a 5 per cent Ni steel is 
more difficult to weld than a 9 per cent Ni steel. Similarly, 
the various alloying elements can greatly affect the price of 
the steel, as can the degree of heat treatment. 

In general, plating for non-pressure vessel type cargo tanks 
is relatively thin and it may be difficult to obtain standard size 
Charpy specimens. Sub-standard Charpy test specimens are 
therefore acceptable for thin plates, but they should comply 
with the following : — 


The Charpy V-notch specimen should have a width equal 
to the plate thickness and instead of machining to the dimen- 
sions given in Ref. 3, the as-rolled surfaces should be retained. 
The notch will be perpendicular to the plate surface and the 
test piece will have the standard depth of 10 mm. Acceptance 
values should be based on the following at the service tem- 
perature : — 

Average Minimum 


Size of Specimen Charpy Impact Value 


ft.lb. kg.mt. kg.m./cm.* 
10 mm x 10 mm 40 2 ia’ 6:9 
10 mmx 9 mm 38 272 vk? 
10 mm x 8 mm 36 49 7°6 
10 mm x 7 mm 34 4:7 8:2 


The Charpy impact values are to be the average of three 
specimens, but no individual specimen is to have a value less 
than two-thirds of the required value. Charpy impact values 
are usually expressed as energy (ft.lb. or kg.m.), but where 
they are expressed as a function of the cross sectional area of 
the specimen (kg.m./cm.*), then the Rule requirement for 
sub-standard Charpy test specimens will increase slightly with 
decrease in specimen size. 


For the carriage of gases such as nitrogen, hydrogen, helium, 
etc., where the boiling temperature at atmospheric pressure is 
lower than —200°C, it is necessary to look beyond the usual 
range of nickel steels to austenitic stainless steels. Such steels 
show excellent impact properties at temperatures lower than 
—200°C and although nitrogen, hydrogen, helium, etc., have 
not, as yet, been carried in bulk by ship, this is not to imply 
that they will not be carried in the future. Design studies 
have already been carried out in this direction and it is con- 
sidered that they present no greater problem than the carriage 
of methane did when the Methane Pioneer was converted in 
1958. 


2. Aluminium 


Aluminium, being inherently notch tough, has most of the 
properties required for good cargo tank material and many 
of its alloys are both readily available and weldable. One of 
the disadvantages of aluminium is that it is not a material 
with which shipyard welders are familiar and it may be neces- 
sary for a builder to either sub-contract the aluminium tank 
work or retrain his own labour force. 

Pure aluminium exhibits an increase in notch toughness of 
about 30 per cent when reduced from 0°C to —250°C, 
whereas a magnesium-aluminium alloy decreases very slightly 
in notch ductility over the same range, but is still acceptable 
at methane temperatures. 

Aluminium alloys are available in many forms, a number 
of which are suitable for low temperature use. Generally, the 
type chosen is a non-heat treatable magnesium alloy, such as 
those given in B.S. 1477, NP 5/6 covering a range of 3:5 to 
5:5 magnesium content; for extrusions and pipes B.S. 1476 
may be used. Such alloys show an increase in physical properties 
at reduced temperature, as well as possessing excellent fatigue 
strength. With such an alloy having a U.T.S. of 17 tons/in* 
it would be reasonable to expect a *1 per cent proof stress of 
8-0 tons/in.* giving a working stress of 6 tons/in.*. 

Aluminium alloys used for riveting generally have higher 
mechanical properties than those used for welded structures. 
Use of this property can be made by having the shell of the 
cargo tank welded and the internal structure riveted pro- 
ducing a considerable weight saving in aluminium. 

Although aluminium is suitable for all temperatures down 
to —160°C or lower, it is not generally used for liquefied gases 
such as propane, butane, ammonia, etc., as at their carrying 
temperatures, i.e. —45°C, 0°C, —33°C, etc., steel is usually 
more suitable on a cost/workability basis. 

Since the Methane Pioneer was converted the length of 
cargo tanks has tended to increase until it now approaches 
20 per cent of the length of the ship. With this increase in 
length, aluminium has the disadvantage, with its coefficient of 
expansion being two and a half times that of nickel steel*, 
that tank movement during cool down and subsequent warm- 
ing up creates a much bigger problem and the tank support 
and keying system has to be carefully designed to facilitate 
this. 

On the credit side, however, aluminium tanks tend to be 
less stiff when compared with steel tanks and can accommo- 
date ship deflection more readily. 


* Coefficient of expansion: — 


Mild steel -067 x 10-°*/°F 
Aluminium -128 x 10-4 /°F 
9°/ Nickel Steel *058 x 10°*/°F 
Stainless Steel = -087 x 10-*/°F 
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Cargo tank arrangement with insulation on hull. 
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Insulation with GRP facing 
acting as primary container 
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Cargo tank arrangement with internal insulation. 


GRP facing to insulation 
acting as primary container 


Load bearing 
insulation 


Ship quality steel 


GRP facing to insulation 
acting as secondary barrier 
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Cargo tank arrangement with G.R.P. facing providing primary 
and secondary barriers. 


If a vessel is designed for the carriage of anhydrous 
ammonia, care should be taken to ensure that the aluminium 
alloy chosen is not of a type subject to corrosion by ammonia. 
For this reason copper, copper alloys and zinc should not be 
used for either tanks or cargo handling systems of ammonia 
carriers. 


3. Plastics 


Certain plastics would appear to have most of the proper- 
ties required for the carriage of liquefied gas, but no plastic 
tank has, as yet, been installed in a sea-going vessel on a 
commercial basis. Most research has been directed towards 
facing the insulation with glass reinforced plastics to provide 
a liquid-tight barrier. This can be done by having either the 
hull insulation faced to form a secondary barrier (see Fig. 10) 
or by having the tank internally insulated and faced to form 
the primary barrier (see Fig. 11). Unfortunately, most tests 
that have been carried out have shown that the G.R.P. facing 
is subject to either thermal or fatigue cracking at the reduced 
temperatures. It is not thought that this problem is insur- 
mountable however, and eventually an arrangement as shown 
in Fig. 12 could provide a most attractive proposition. 

As can be seen by examining Figs. 10, 11 and 12, it is 
possible to reduce the quality of steel required for both the 
tank and the hull until both may be Grade A for a design 
such as Fig. 12. 

The foregoing designs rely on the facing material presenting 
a liquid-tight barrier to the insulation, but it is possible to 
produce insulators of the sprayed or foamed polyurethane 
type that have a closed cellular structure which presents a gas 
or liquid-type barrier. Progressing from this, research has also 
been carried out into producing an insulation that has elon- 
gated cells of varying size across the width of the insulation. 
This type of foam acts as both insulation and primary barrier, 
on the premise that where a temperature gradient exists 
through the thickness of the foam then the liquefied gas can- 
not penetrate through the foam in the liquid state. As in the 
case of all new designs and theories, the Society is to be satis- 
fied that the project is viable. It is necessary, therefore, for a 
test tank to be designed to demonstrate its practicability. 


Welding 


In view of the variety of ferrous and aluminium alloys that 
can be used in the construction of liquefied petroleum gas 
cargo tanks, it is necessary for each welding process to be 
examined individually. Each chosen electrode, flux, etc., must 
be tested to show its combatibility with the parent tank 
material. Such tests should demonstrate that the deposited 
metal and heat affected zone have physical properties equiva- 
lent to the parent plate, except for steel tanks where a mini- 
mum Charpy V-notch energy value of only 30 ft. Ib. is 
required at the service temperature. It is appreciated that this 
value is somewhat less than the parent plate requirement, but 
it has been adopted in view of tests carried out indicating a 
higher yield strength of the weld deposit when compared with 
the plate material, and the extensive radiographic examination 
of all welded butts and seams. 

Tests for initial acceptance of a flux or electrode may be 
carried out by the shipbuilder or electrode manufacturer, but 
in either case it will be necessary for the shipbuilder to subse- 
quently demonstrate that he can achieve the desired physical 
properties under typical shipyard welding conditions. Such 
acceptance tests should comprise of two tensile, two bend and 


six Charpy V-notch test specimens taken transversely from a 
butt weld assembly prepared for each position of welding with 
the proposed electrodes and tank plates. Three of the Charpy 
specimens are to have the notch in the centre of the weld 
and three are to have the notch in the heat affected zone at 
right angles to the surface of the plate. In the event of failure 
to meet these requirements, retests may be carried out under 
the same conditions as laid down in the last two paragraphs 
of P1108 of the Society’s Rules, i.e. if the average of the 
three Charpy specimens fails to comply with the above 
requirements by an amount not exceeding 15 per cent of the 
required value, three additional test pieces may be made and 
tested and the results added to those previously obtained to 
form a new average which should comply with the require- 
ment. 

The bend specimens should be bent through an angle of 
120° over a former having a diameter of three times the 
thickness of the material. The welded test assembly should be 
radiographed before cutting up into individual test specimens. 
Macrographs of the weld metal and heat affected zones 
should also be submitted. A typical fillet weld should also be 
made for each position of welding and macrographs sub- 
mitted. 

As an alternative to the Charpy V-notch tests, the Society 
is prepared to accept Pellini “drop-weight tests”. If a shipyard 
decides to adopt the Pellini D.W. test, then they must demon- 
strate that the weld deposit and heat affected zone have nil 
ductility temperatures (N.D.T.) at least 10°F lower than the 
service temperature. They must also take production tests 
from plate tabs for every 150 ft. (SO m.) of production 
welding. 

Where a builder opts for the N.D.T. tests, the tests are to be 
carried out in accordance with A.S.T.M. Specification E 208 
“Conducting Drop-Weight Test to Determine Nil Ductility 
Transition Temperature of Ferritic Steels”. 

It is not necessary for each welder engaged on the construc- 
tion of non-pressure type cargo tanks to carry out initial 
acceptance tests although this is a requirement of some 
national authorities. 

The welding of aluminium alloys presents its own unique 
problems and here it is necessary for each welder to demon- 
strate his ability to satisfactorily weld the chosen materials 
before being employed on the construction of the cargo tanks. 


HEAT SINK 


Radiographic Examination 


All butts and seams in the shell of cargo tanks are to 
be 100 per cent radiographed. The remaining internal tank 
structure is to be radiographed at the Surveyor’s discretion. 

The examination of the hull structure and secondary barrier 
will depend on the design of tanks and ship, and the material 
used, but where the ship is of the single skin type and the side 
shell which forms the secondary barrier is of tank quality steel 
then the following will be required : — 


(1) Sheerstrake butts, 100 per cent radiographed. 


(2) Side shell radiographed at intersection of all butts and 
seams. 


(3) Tank top and deck radiographed at Surveyor’s discretion. 


The required standard of welding for acceptance or 
rejection is the responsibility of the examining Surveyor, but 
for steel tanks he may be guided by the “A.S.M.E. Boiler and 
Pressure Vessel Code, Section 8, Part U.W. 51 (m)”. When 
the tanks are made of aluminium then the Surveyor should 
be guided by the British Welding Research Association hand- 
book “Classified Radiographs for Defects in Aluminium 
Welds” as recommended in Ref. 1. 


Tank Cooling 


Before a liquefied gas ship is finally classed and taken into 
service, it is necessary for the builders or owners to demon- 
strate to the Society that they can satisfactorily cool down one 
tank. Pre-cooling of cargo tanks is necessary to reduce stress 
in the cargo tank structure and pipe systems caused by local 
differences in temperature. Liquid cargo must not be allowed 
to impinge on metal surfaces unless the temperature differ- 
ence between the cargo and the tank is small. The cool down 
test must be carried out using cargo which will reduce the 
tank temperature to the minimum contained in the class 
notation of the vessel. The cool down is completed when a 
stable liquid puddle of cargo has been established at the 
bottom of the tank and no other part of the tank has a tem- 
perature higher than the liquid cargo temperature plus 30°C. 

Before commencing the cool down of the cargo tanks, it is 
necessary to completely purge the tanks with an inert gas so 
that the quantity of oxygen in the atmosphere does not exceed 
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Spray cooling arrangement. 


6 per cent for methane and L.P.G. gases and 12 per cent for 
ammonia. Lower percentages of oxygen may be necessary for 
butadiene and other sophisticated cargoes and_ shippers’ 
instructions should be followed. Some observations on how 
the tanks are best inerted with the minimum use of inert gas 
will be contained in a later paper on the refrigeration aspects 
of the carriage of liquefied gases. The inerting process has 
another beneficial property in that it tends to dry the tanks, 
although where complete drying is required it is usual to 
circulate dry air within the tank before starting the inerting 
process. 

Tanks can be cooled down by using cold cargo gas, a mix- 
ture of gas and liquid cargo or completely liquid cargo. 
Whichever method is used, and it is usually the last one, the 
cooling medium must enter the tanks through the spray 
system. The entrance of liquid cargo through the main load- 
ing line is not permitted until the cool down is completed. 
Many sophisticated designs of sprays and nozzles have been 
tried and found wanting in one respect or another. In 
practice the best results have been achieved by a pipe, about 
| in. in diameter, stretching from one end of the tank to 
the other with small holes, about 4 in. in diameter, drilled 
in the pipe at equal intervals along its length. Experience has 
shown that smaller holes tend to become blocked with foreign 
matter in the liquid, cargo or piping system, or by carbo- 
hydrates or ice. Larger diameter sprays tend to allow too 
much liquid to enter the tank without flashing off into the 
gaseous state before travelling to the tank walls. The total 
number of holes in the main sprayline should present an area 
slightly in excess of the cross sectional area of the spray pipe. 
The main spray pipe within the cargo tank has been tried in 
many positions, but again, practice has shown that a pipe 
placed just under the crown of the tank with the jets pointing 
downwards and slightly towards the centre of the tank pro- 
duces an even and acceptable cool down. For deep cargo 
tanks, wide cargo tanks, or for tanks where a faster cool 
down is required, more than one tier of sprays can be fitted 
and it is not uncommon to have three, each tier capable of 
being operated independently. The top spray should be as 
high as possible, pointing downwards. The middle tier of 
sprays should be situated towards the side of the tank at a 
depth of about one-third of the height of the tank from 
its top with the sprays pointing horizontally towards the 
centre of the tank. The bottom tier should be about one- 
third of the depth of the tank above the base and the sprays 
should be directed upwards and inwards (see Fig. 13). All 
sprays should be directed away from the skin of the tank 
towards the centre of the tank mass as this not only reduces 
the risk of having any direct liquid impingement on the tank 
shell and possibly high thermal stress and thermal shock, but 
also cools down the mass of the vapour or inert gas within 
the tank and sets up uniform convection currents. 

The layout of pipes, the cross connecting of the various 
tiers with the arrangement of pipes connecting the sprays 
with the reliquefaction plant, as well as the actual physics of 
the cool down tests are contained in other or later sections 
of the paper. 

The speed of cool down is controlled with reference to two 
parameters : — 


(1) The pressure inside the tank. 


(2) The temperature pattern of the thermocouples on the 
outside shell of cargo tanks. 


I. The pressure within the tank is controlled by: — 


(a) Stopping the inflow of cargo through the spray system 

and running the reliquefaction plant. 

By continuously running the reliquefaction plant if its 

capacity is large enough to take care of boil-off from the 

incoming cargo. 

(c) Venting the tank to shore through a vapour return line. 

(d) Allowing the tank to vent to atmosphere. This latter 
alternative is only permitted when the ship is either at 
sea or in a place deemed safe by the harbour authorities. 


The actual system, or combination of systems used is gov- 
erned by the capacity of the reliquefaction plant on board the 
ship, the location of the vessel and the facilities provided by 
the terminal authorities. 


(b) 


If. The temperature pattern of the tank structure is observed 
by the use of thermocouples attached to the outside of the 
tank shell. The actual temperatures are recorded by a console 
which sequentially reads the thermocouple temperatures and 
prints the readings on an endless graph. During a normal 
cool down the average temperature should tend to fall at 
about 4°C per hour, and at no time should the temperature 
difference between any two thermocouples exceed 30°C. 

If this temperature difference is approached, then either one 
or more of the sprays should be shut down until the tempera- 
ture spread of the thermocouples has been reduced 

As stated, the rate of cool down is governed by the pressure 
within the tank and the temperature distribution of the 
thermocouples on the tank shell. These two factors will 
indicate whether cooling can continue or whether it should 
be temporarily suspended until these parameters have returned 
to within acceptable limits. In general, cool down trials are 
very much a question of stop-start, the stopping periods 
being introduced to allow the pressure and/or temperature 
of the tank to stabilize. To demonstrate the suitability of the 
spray system and cargo handling appliances the Society only 
requires one tank to be fitted with thermocouples. Where only 
one tank is so fitted then subsequent tanks are to be cooled 
down by using the same timing and sequence of loading and 
stop-go procedures as used for the pilot tank. Having all tanks 
fitted with a full arrangement of thermocouples can facilitate 
quicker overall coolings and gives a greater degree of flexibi- 
lity and control. If only one tank is completely thermocoupled 
then the other tanks should have at least a few thermocouples 
just to indicate that the correct temperature trend is being 
repeated. 

It is difficult to say how many thermocouples a tank should 
have to give the correct coverage but for a tank carrying 
about 3,000 tons of propane at least 15 or 16 will be required. 
These should be distributed approximately as follows: — 

Four on the bottom of the tank, two being in way of the 

sumps, one port and one starboard. 

Two on the forward and after ends of the tank. 

Three on the port and three on the starboard side of the 

tank. 

Two on the top of the tank. 


No two thermocouples are to be arranged directly opposite 
to each other and the coverage is to be as great as possible. 
At least one thermocouple is to be arranged in direct line with 
any level of spray that points towards the shell of the tank. 
The thermocouples are to be connected to a data logger that 


records the tank temperatures, and from the recorded display 
the cool down is controlled. The exact location of each 
thermocouple is to be known and noted on the data logger. A 
good cool down should show all thermocouples reducing in 
temperature gradually at approximately the same rate, but 
with a slight decrease in the temperature band as the tempera- 
ture decreases. 

An earlier reference was made to the possibility of ice 
forming in the spray system and this is not uncommon when 
new tanks and pipe lines are taken into service. Icing of 
spray nozzles can be a costly and exasperating experience 
and one not easy to cure when it occurs. To prevent it 
happening, or at least to reduce it to a minimum, methanol 
in small quantities can be added to the cargo but this is only 
to be permitted with the concurrence of the shipper (who may 
have stipulations regarding the purity of the cargo), and the 
reliquefaction plant manufacturers. Methanol has a great 
affinity for water and prevents it from forming into ice. 


Secondary Barrier 


With the increase in experience obtained since the Methane 
Pioneer was converted and the consequent increase in con- 
fidence in the design criteria for free standing cargo tanks, as 
well as the means of assessing a materials suitability at low 
temperatures, some slight relaxation can now be allowed in 
certain cases in the requirements for secondary barriers. It is 
no longer felt that the cargo tanks must be cocooned by a 
secondary barrier, all of which is capable of containing the 
liquid for a period of 14 days. If the arrangements are such 
that the containment space can be pumped free of liquid 
cargo in a relatively short time after sustaining a cargo tank 
leak, then the area of liquid tight secondary barrier can be 
reduced to about the bottom third of the containment space, 
the actual area depending on the size of the pumps, the 
volume available for the bilged cargo and the time of response 
from an actual leak being discovered and the pumps operated. 
The time of response should include the time taken to detect 
the leak, say by the gas monitoring system, investigation to 
confirm that a cargo tank has been bilged by using a portable 
gas detector at a gas sampling point and checking the pressure 
inside the containment space. The time taken to start the 
emergency pumps and, if necessary, to make the required 
adjustments to the piping system should also be taken into 
account. To increase the factor of safety it is also assumed 
that the ship is under the adverse condition of a 30° list and 
a 6° trim. 

The insulation to the containment space above the liquid- 
tight secondary barrier must be “‘splash-tight”. By splash-tight 
it is required that the surface of the insulation should be 
capable of deflecting any jet or spray escaping from the upper 
part of the cargo tank to the lower part of the containment 
space without the integrity or the efficiency of the insulation 
being affected. It is also required that the double-bottom 
tanks in way of the cargo tank area will be capable of being 
flooded with sea water in the event of a cargo tank being 
bilged and the temperature of the hull structure decreasing 
below acceptable limits. It is for this purpose that thermo- 
couples are required on the ship structure when an independ- 
ent secondary barrier is provided. The thermocouples are not 
there to warn of tank leakage but to give the ship’s personnel 
an indication of when the bilged cargo should be pumped 
overboard rather than retained in the containment space. This 
of course will also depend on position of ship and the avail- 
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ability of a port able and willing to accept a cargo under 
such conditions. To provide enough thermocouples with suffi- 
cient coverage to act as a warning against partial tank failure 
is impracticable but thermocouples should be placed on the 
hull where thermal bridges or failure of insulation may be 
expected, i.e. in way of bottom keys, supports and tank 
corners, etc. 


Prototype Testing 


In view of the diversity of materials used in, and the 
numerous methods of, containing liquefied gas, as well as the 
many novel methods of supporting the tanks, it has been 
found necessary to require prototype tanks to be built before 
new and unique designs can be accepted. Where such designs 
also include secondary barriers, then these also must be 
included in the approval tests for both the normal service and 
tank bilged conditions. Prototype testing is equally necessary 
where unusual and untried methods of insulation are em- 
ployed. It is impossible to illustrate the full range of accept- 
ance and approval tests as these depend very much on the 
new features of the design and the service conditions it has 
to operate under. Tests may be required to demonstrate 
behaviour under fatigue loading from both thermal cycling 
and pressure cycling. The magnitude of loading will depend 
on the pressure of the tank, the service area of the ship as 
well as the physical dimensions of the tank. It is appreciated 
that to run a fatigue programme that would fully expose a 
test tank to the variety of conditions a ship may experience 
in, say, 20 years’ service, would present many practical diffi- 
culties, so such tests are usually restricted to a certain 
number of cycles over a given pressure range. For a ship 
500 ft long with unrestricted service limits, a fatigue test of 
3-6 x 10° cycles with a pressure of 3°0—21-0 p.s.i. may be 
required. It is not unusual for new designs to be tested by 
placing small tanks at the forward end of existing ships where 
accelerations and ship movement will be at a maximum. 
Where supports, keys, or the means of holding the secondary 
barrier in place, have to sustain repeated changes in tempera- 
ture, pressure or loading, then these also may be required to 
be fatigue tested. 

New materials for insulation, secondary barriers, keys and 
supports must show themselves to be resistant to the cargoes 
and able to maintain their physical properties for an exposure 
period of at least 14 days. Where an untried material is to be 
used for the primary containment of the cargo, it must show 
itself to be completely resistant to the cargo and possess all 
its physical properties, particularly its impermeability, over 
the full temperature range likely to be encountered in service, 
as well as being resistant to thermal fatigue. 

Where an adhesive is used to ensure the effectiveness of the 
insulation, or the insulation is bonded directly on to another 
surface, then again exhaustive tests are to be carried out to 
demonstrate such aspects as the tensile strength, peel strength 
and shear strength of the bond, again under conditions as 
close as possible to those likely to be experienced in service. 
Unless scale effect has some consequence on the proposed 
design, test tanks are usually of the order of 10 ft. x 10 ft. x 
6 ft. and are to resemble the anticipated full-scale tank in all 
senses. The materials, method of jointing, support, keying, 
thermal cycling as well as pressure variations, must all repre- 
sent the full-scale ship tank. 

With membrane tanks, where hydraulic testing is impossible, 
early consideration should be given to the means of finding 
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possible leaks. This is particularly necessary where the mem- 
brane is made of thin steel or aluminium sheets presenting 
difficult welding problems. 

In addition to the tank tests, laboratory tests should be 
arranged on typical elements of the membrane joints. Fatigue 
tests should be arranged to reproduce the straining of the 
joint that would occur due to the cool down of the membrane. 
This can be done by mechanical straining at room tempera- 
ture, provided other fatigue tests on simple welded specimens 
show that the fatigue properties do not deteriorate at low 
temperatures. 

As radiography is also impossible on membrane tanks, weld 
quality must be very carefully assessed at this early stage and 
subsequent acceptance procedures formulated. Where pow- 
dered or granulated compositions are intended to be used in 
the insulation, then vibration tests may also be necessary to 
ensure that the insulation will not settle, leaving gaps and 
possible thermal bridges. 


KEYS AND SUPPORTS 


The prime function of all keys and supports is to allow a 
free-standing tank to thermally expand and contract, at the 
same time supporting the tank so that it is neither distorted 
nor bodily moved when the ship is in a seaway. They must 
also prevent the tank from being subject to any undue wrack- 
ing stress. Keys must be provided to resist the two main 
directions of movement, one to resist transverse movement 
when the ship is rolling and the other, longitudinal motion 
when the ship is pitching. In achieving this, care must be 
taken to ensure that no thermal bridge is provided and that 
the integrity of the insulation is fully maintained in way of 
the keys. For this reason, the keys and supports are usually 
made of materials possessing a reasonably high crushing 
strength and good insulating qualities. It is necessary to show 
that the material will not deteriorate with age at low tempera- 
tures in dry inerted atmospheres. It must also have good 
fatigue strength and its physical properties must not be im- 
paired when immersed in the cargo should a leak occur. 
Where necessary, the foregoing properties must be demon- 
strated by tests as outlined in the preceding chapter. Most 
types of woods when dry have these required properties to a 
greater or lesser extent, as have many man-made fibrous 
materials such as tufnol, resin impregnated plywoods, etc. As 


the tank moves under temperature change it is also necessary 
for the keys and supports to have good abrasive qualities, 
although this quality can, where necessary, be improved by 
the use of lubricants, such as graphite, at the faying surfaces. 

The allowable stress permitted in the design of keys and 
supports is based on the crushing and other physical proper- 
ties of the keying material. A maximum stress of three- 
quarters of the yield or limit of proportionality or three- 
eighths of the ultimate strength of the material in compres- 
sion, whichever is the lesser, is permitted under dynamic load- 
ing. The calculations necessary to arrive at the size of the 
keys and supports are shown in Appendix I and Fig. 14 
shows a typical distribution. 


Anti-Rolling Keys 

Anti-rolling keys are arranged to withstand the forces set 
up by the rolling of the ship and are usually situated at the 
top and bottom of the tank along its centreline, although 
they can be fitted at either side of the centreline if arrange- 
ments are made to ensure that the gap at the faying surface 
of the keys does not become excessive when the tank con- 
tracts. This latter arrangement lends itself readily to trunked 
deck ships and tanks. Anti-rolling keys may also be fitted to 
the end bulkheads of the tank but, in this case, it is necessary 
to ensure that the tank has sufficient rigidity between its end 
keys to withstand the dynamic forces. Particular care must be 
taken to ensure that both the ship and the tank are locally 
‘strong enough in way of the keys, and able to transmit the 
loads into the tank and hull structure. 


Anti-Pitch Keys 


Anti-pitch keys are fitted to resist the forces due to pitching 
without restricting the tank when undergoing thermal move- 
ment. Anti-pitch and anti-roll keys generally present at cruci- 
form pattern with the centre of the cruciform as the centre 
of contraction of the tank. The tank sumps, pumps, pipes, 
entrance hatch, etc., are usually in a vertical line through this 
centre so that they do not have to withstand any transverse 
or longitudinal movement. 


Locking Keys 

When the hatch is not at the natural centre of the tank, 
then the tank must be locked in position so that all contrac- 
tion takes place about this point. This point will then form 
the centre of the cruciform. Ships that tend to trim by the 
stern having long tanks are often designed with the hatch aft 
of the mid length to facilitate the maximum discharge of the 
cargo through the cargo pumps. The stresses due to thermal 
movement of the tank must be carefully analysed, however, 
in view of the unbalanced contraction forward and aft of the 
key. 


Anti-Collision Chocks 


Anti-collision chocks must be provided at the forward and 
after end of the tanks to withstand accelerations of $g and 
4g respectively. As this is an emergency condition, the area 
of the chocks may be based on a stress equivalent to 90 per 
cent of the yield strength of the chock material. With collision 
chocks it is not necessary to ensure that contact at the faying 
surface of the chock is retained during tank contraction. 


Anti-Flotation Chocks 


Anti-flotation chocks are required on single skin ships only 
and are to withstand the upward thrust of the tanks should 
the ship be bilged whilst in a ballast condition with the cargo 


tanks empty. It need only be assumed that one hold space is 
bilged at any one time. Chocks to withstand the upward 
thrust, and to maintain the tank position, can be arranged 
along the side and end bulkheads or on the top of the tank, 
but care must be taken to ensure that the ship and tank 
structure in way of the chocks is capable of withstanding this 
thrust. This again is considered to be an emergency condition, 
however, and higher stresses can be accepted in the chocks 
and the ship and tank structure. 


Supports 


The supports are to ensure that the weight of the cargo and 
tanks is evenly distributed over the ship structure. Tanks are 
sometimes supported by load bearing insulation such as balsa 
wood, but it is more usual to have strategically placed sup- 
ports embedded in the insulation. Care must be taken to 
ensure that the tank supports are, in turn, adequately sup- 
ported by the ship structure. It is usual to arrange the primary 
strength members of the ship and tank in the same transverse 
or longitudinal line with the supports directly between them. 
Care must be taken to choose a material for the supports 
with a fairly low coefficient of friction so that the tanks will 
slide easily over their surface when contracting or expanding. 
It should be noted that the tank will have contracted to the 
minimum length long before it is full of cargo. The minimum 
area of support necessary is based on the allowable stresses 
mentioned under “Keys and Supports” and the greatest down- 
ward anticipated force, i.e. the heaviest cargo plus the maxi- 
mum vertical acceleration found as per Ref. 1 or the tank 
filled with water when undergoing hydrostatic test. Due to the 
difference in stiffness between the ship and the tank, it is 
necessary to examine the distribution of the supports to ensure 
that no one support receives an excessive load when the ship 
is either hogging or sagging. It will be appreciated that with 
the ship hogging, the supports at the centre of the length of 
the tank will tend to bear a greater proportion of the total 
load than the end supports, and vice versa with the ship 
sagging. It is not thought that this is a major problem how- 
ever, as both ship and tank will tend to deflect until they 
make some common supporting line. To accommodate any 
slight difference in deflection it is usual to rest the supports 
on some strong but compressible material such as neoprene. 
This tends to remove any hard spots in way of supports and 
also accommodates any malalignment in the tank bottom or 
double bottom tank top. 


CARGO HANDLING SYSTEMS FOR LIQUEFIED 
GASES 


1. General Requirements 
(a) CARGO HANDLING 

A complete system of piping, pumps, compressors, etc., is 
provided on board ship for handling the cargo. The system 
is a closed one and is used exclusively for this purpose and 
should not have any connections to compartments outside the 
range of the cargo tanks. The system may be extensive, par- 
ticularly if it is desired to carry more than one kind of 
liquefied gas cargo at the same time. 

The Society’s requirements for pumping and piping arrange- 
ments on board liquefied gas carriers are set out in Section 12 
of Chapter E of the Rules. 

In the interests of safety all connections to the cargo tanks 
are required to be situated above the weather deck and it is 


therefore necessary to arrange for the cargo tanks, or domes 
on the cargo tanks, to protrude above this deck. The necessary 
connections for liquid and gas lines, relief valves, liquid level 
gauging devices, pressure gauges and thermometers should be 
located on this portion of the cargo tank. 


(b) INERTING AND GAS FREEING 


Prior to first loading a cargo of liquefied inflammable gas 
the system of tanks and piping should be purged of air in 
order to prevent any explosive mixture forming in the system 
with the consequent risks, especially if vapour compressors 
are being used for handling the cargo gas. 

For the same reason purging of the cargo gas from the 
system should be carried out before admitting air when gas 
freeing. It should be mentioned that as the system is a closed 
one and normally will always be full of gas no explosive 
mixture is likely to exist in the system and it will only be 
necessary to gas free prior to dry docking and to permit 
survey and repair work to be carried out. Purging with an 
inert gas may also be necessary when changing from one 
grade of cargo to another. 
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Purging is usually carried out by means of an inert gas 
which may be produced and/or stored on board ship or 
obtained from shore. 

With small L.P.G. installations in which the cargo is carried 
in pressure tanks on the open decks of tankers, however, it is 
quite common to purge with fresh water as in this case it is 
a fairly simple matter to drain all the water from the system 
on completion of the operation. 

Whilst on this subject it can be mentioned that it was 
common practice on the early pressure type L.P.G. carriers 
to purge air from the system directly with L.P.G. vapour. 
Similarly, when it was required to gas free the tanks air under 
pressure was admitted to the top of the tanks and the L.P.G. 
vapour vented to atmosphere via the safety valve riser or led 
over the ship side to below the water level by means of a 
flexible hose connected to the liquid cross-over. 

However, these methods are not now viewed with favour 
because at some time during the operation the contents of 
the cargo tanks will be within the explosive range, an obvi- 
ously undesirable condition. 

Where facilities are not provided at the cargo loading 
and/or discharging port for receiving the purged gases from 
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the ship it will be necessary for all purging and gas freeing 
operations to be carried out when the ship is in a safe loca- 
tion, preferably at sea, as it will be necessary at some time 
during these operations to vent inflammable vapours to the 
atmosphere. 


2. Pressure Type and Semi-Refrigerated Type 


(a) CARGO PUMPING AND PIPING ARRANGEMENTS 


On liquefied gas carriers of the pressure and semi-refri- 
gerated type the cargo pumps are located external to the cargo 
tanks and may be situated on the open deck, although it is 


more usual for them to be installed in a well-ventilated deck- 
house situated within the range of the cargo tanks. 

An “intermediate tank” of a few tons capacity is sometimes 
provided on deck to assist in the unloading of the cargo. The 
main purpose of this so-called intermediate tank is to act as 
a liquid and gas separator. It will be appreciated that as most 
liquefied gases are transported as boiling liquids, i.e. at the 
vapour pressure corresponding to their temperature, the liquid 
will be partially converted to vapour when being drawn to 
the pump suction owing to the reduction in pressure. In order 
to prevent vapour locking of the cargo pumps they are 
arranged to draw from the intermediate tank and discharge 
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to shore via the liquid cross-over line. The boil-off vapour is 
in turn drawn from the intermediate tank by the vapour com- 
pressor and discharged under pressure back to the cargo tanks 
which are being unloaded; the resulting increase in vapour 
pressure assisting in forcing the liquid in the cargo tanks to 
the intermediate tank via internal pipes which extend to the 
bottom of the cargo tanks. 

A simplified diagrammatic cargo pumping arrangement, 
which includes an intermediate tank is shown in Fig. 15(a). 

Cargo pumping systems which do not require an inter- 
mediate tank are also quite common. In one of these systems 
cargo gas is drawn by the vapour compressor from the vapour 
space of one tank and discharged to the vapour space of the 
tank which is being discharged. Owing to the poor thermal 
conductivity of the liquefied gas it is possible to build up the 
pressure in the latter tank sufficiently in excess of that cor- 
responding to its temperature to ensure that the liquid can be 
forced to the pump suction without boiling (see Fig 15(b)). 

If it is desired to discharge all cargo tanks at the same time 
the supply of cargo gas required for pressurizing purposes may 
be obtained from a steam heated vaporizer taking its supply 
of liquid from the cargo pump discharge. 


Another method for obtaining the supply of cargo gas for 
pressurizing purposes is for the liquid to be drawn through 
the tubes of a heat exchanger on its way to the pump suction. 
In this case a relatively small proportion of the liquid is bled 
from the outlet and expanded back into the shell side of the 
heat exchanger. The liquid passing through the tubes vaporizes 
the expanded mixture in the shell and the resulting vapour is 
drawn off by the compressor and discharged back to the tanks 
in the usual way. The liquid passing through the heat 
exchanger will also be cooled slightly and this in turn will 
also assist the pumping operations isnasmuch as it will tend 
to counteract the pressure drop in the line between the tanks 


and the pump owing to its lower temperature and corres- 
pondingly lower boiling pressure (see Fig. 15(c)). 

It should be mentioned, of course, that at some of the 
loading / discharging ports facilities are provided for returning 
and receiving cargo gas to and from the ship and with this 
arrangement the problems associated with cargo handling are 
greatly simplified. 

In the case of the smaller shipboard liquefied gas installa- 
tions, such as those on the decks of oil tankers, it is quite 
common to dispense with cargo pumps altogether and to rely 
solely on the vapour compressors for loading and discharging 
cargo. When discharging cargo the shipboard compressors 
take suction from the vapour space of the shore tank or from 
one of the ship’s tanks, when there is more than one tank, 
and discharge to the top of the cargo tanks which are being 
unloaded ; the liquid being forced ashore via the internal pipe 
in the usual way (see Fig. 15(d)). 

Loading of cargo is usually carried out by shore-based 
pumps. Where vapour return lines are provided on shore the 
cargo is loaded into the ship’s tanks via internal filling pipes 
led to the bottom of the tanks and the displaced vapour is 
returned to the shore storage tank with or without the aid 
of a ship’s vapour compressor (see Fig. 15(e)). 

At ports where a vapour return line is not provided the 
liquid cargo is loaded directly into closed tanks via spray 
loading lines which are located in the upper parts of the 
cargo tanks. With this method of loading the pump discharge 
pressure will be increased slightly owing to the fact that the 
entering liquid has to compress and condense the vapour in 
the tanks as the liquid level rises. The spraying of the entering 
liquid through the vapour space partially condenses the excess 
vapour and keeps the pressure rise to a minimum. In the case 
of ships which have reliquefaction plant on board the pressure 
rise can be avoided by drawing off the excess vapour and 
liquefying it in the usual way (see Fig. 15(f)). 
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(b) CONNECTIONS TO CARGO TANKS 
Shut-off Valves 

Liquid and vapour filling and emptying connections on 
pressure-type cargo tanks should be provided with double 
shut-off valves. One of these valves is to be manually operated 
and the other one either a remote controlled valve or an 
excess flow valve which will close automatically and prevent 
the contents of the tank discharging to the atmosphere in the 
event of a pipe breaking. The remote controlled valve should 
be capable of being closed from the loading station and from 
at least two other widely separated positions on the upper 
deck. 

It should be mentioned that for single purpose connections 
which are required only for the inlet of liquid or gas a non- 
return valve would be acceptable in place of the remote con- 
trolled valve or excess flow valve mentioned above. 

Pressure gauge connections and other very small openings 
to the cargo tanks, such as sampling and fixed or slip tube 
level gauge connections, need only be provided with single 
manually operated shut-off valves. Level gauges of the type 
that are operated by means of a float attached to a steel tape 
should be provided with a shut-off valve which closes on to 
the tape. 

Pressure Relief Valves 

Each cargo tank should be protected against over-pressure 
by one or more pressure relief valves of approved design and 
capacity discharging into a vapour relief main led up the mast 
or other post to a safe height above the weather deck and 
well removed from possible sources of ignition. 

In order to try to prevent those vapours which have a 
specific gravity greater than that of air from descending to 
the deck the vapour outlet should be so arranged as to 
discharge the gases in a direction above the horizontal. The 
outlet should also be provided with a flameproof wire gauze 
diaphragm which should be protected from the weather. 

At the present time the Society has no specific requirements 
relating to the capacity of the pressure relief valves which are 
required to be fitted to the cargo tanks. However, in view of 
the fact that the majority of liquefied gas carriers require 
United States Coast Guard approval the Society is prepared 
to accept relief valves having a rate of discharge calculated in 
accordance with the Rules of that Authority. 

Besides protecting the cargo tanks against over-pressure 
resulting from a faulty cargo handling operation or failure 
of the reliquefaction plant the relief valves are required to 
protect the cargo tanks against over-pressure resulting from 
exposure of the cargo tanks to fire conditions. The formule 
given in the U.S.C.G. Rules are based on the latter conditions 
and an example illustrating the use of same is given in 
Appendix III. 


Vacuum Relief Valves 


Consideration should be given to the ability of the cargo 
tanks to withstand any vacuum which may arise in service or 
when the tanks are being gas freed. Where necessary, vacuum 
relief valves should be fitted and vacuum relief obtained from 
a supply of cargo gas or an inert gas system. It is appreciated 
that a piped supply of cargo gas, or inert gas, to the valves 
may be difficult to arrange and for this reason the builders 
may not wish to fit vacuum relief valves. In the circumstances 
the valves in question may be omitted provided suitable alarms 
are fitted and automatic devices are provided for stopping 
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cargo pumps and vapour compressors, etc., which could 
induce a vacuum in the cargo tanks, in the event of the 
pressure in the tanks falling to a predetermined minimum safe 
level. 


Level Gauges 


Each cargo tank should be fitted with at least one liquid 
level gauging device of an approved type which will also 
indicate the maximum level to which the tank may be filled 
with liquid. Generally speaking it is considered that the gauges 
should be of a closed type, although gauges which require the 
bleeding of the cargo to atmosphere, such as fixed tube and 
slip tube, are acceptable provided they are not used for highly 
toxic or poisonous cargoes and the maximum size of opening 
with the bleed valve fully open is not greater than, say, 1/16 
in. diameter or an equivalent area. Gauge glasses of the 
columnar type are not normally acceptable owing to their 
vulnerability and the fact that they would require a con- 
nection to the cargo tank below the liquid level, which is not 
desirable nor would it be practicable in the case of tanks 
situated below the weather deck. 

Several makes of automatic float-type level gauges have 
been accepted by the Society for use on board liquefied gas 
carriers. 


(c) Ho_p DRAINAGE 


In order to avoid any possibility of cargo gases entering 
the machinery space through bilge suction lines in the event 
of cargo tank leakage the Society’s Rules require that normal 
bilge drainage of the hold spaces which contain cargo tanks 
should be effected by means of hand pumps or bilge ejectors 
which discharge directly overboard. 

In addition to the foregoing, however, the Rules do require 
power bilge pump suctions to be provided for use in an emer- 
gency. These suctions are to be led direct to the bilge pump 
suction chest and are to be blanked off in normal service by 
means of spectacle flanges. Screw lift valves should be fitted 
between the spectacle blanks and the bulkhead in order to 
isolate the suction lines whilst changing over the spectacle 
blanks. The valves and blanks should be located in readily 
accessible positions and a notice board affixed close by stating 
that these bilge suctions are only to be used in case of grave 
emergency. 

It might be as well to explain that the machinery space 
bilge pump is not expected to deal with leakage of liquefied 
gases and should only be used in the event of a comparatively 
large amount of water entering the hold as a result of damage 
or other mishap. 


(d) CARGO TANK LEAKAGE 


Although pressure type cargo tanks are not expected to 
develop leaks under normal conditions of service the possibi- 
lity of leakage taking place cannot be ruled out completely. 
For this reason a gas detecting system is required to be pro- 
vided for the hold spaces and for other spaces where gas 
could accumulate. 

In the event of a cargo tank developing a small leak it may 
be possible to keep the concentration of gas in the hold below 
the lower explosive limit by normal ventilation means and 
for the cargo to be safely discharged when the ship reaches 

ort. 

: In the event of severe tank leakage taking place when the 
ship is at sea, however, it may be thought prudent to discharge 
the contents of the leaky tank over the ship’s side with the 


aid of the cargo pumping arrangements provided on board or 
simply by opening the necessary liquid valves and letting the 
tank discharge itself under its own vapour pressure. A nozzle 
would, of course, be required on board for bolting to the 
liquid line in order that the discharged liquid would reach the 
water as far from the ship as possible. This is not, however, 
at present a requirement of the Society’s Rules for pressure 
type cargo tanks, although it is a Rule requirement for non- 
pressure type cargo tanks and is mentioned later in the paper. 


(e) SECONDARY BARRIER 


Although the Society’s Rules do not require a secondary 
barrier to be provided for pressure type cargo tanks under 
defined conditions of temperature and pressure it can be shown 
that, in the event of the free escape of liquid from a “warm” 
pressure type cargo tank, the portion of the escaping liquid 
which does not evaporate would be cooled to the temperature 
corresponding to its boiling point at atmospheric pressure. 

Assume, for example, that the cargo tank contains liquid 
propane at 60°F and 107 lb/in® absolute and that a large 
volume of liquid escapes. 

The boiling point of propane at atmospheric pressure is 
approximately minus 45°F and, at a base value of minus 
200°F, 

Heat content of liquid at 60°F=140-6 BTU /Ib. 
Heat content of liquid at minus 45°F=82°3 BTU/|lb. 
Heat content of vapour at minus 45°F =264:2 BTU/Ib. 


Thus the heat balance before and after the liquid escape is 

given by: — 

140:6=82°3 (1—X)+264:2 X 
where X=amount of liquid evaporated per lb, from which 
X=0°32 or 32 per cent of the escaping liquid evaporates. 

The cooled liquid remaining will behave in the same 
manner as if it had escaped from a fully refrigerated cargo 
tank containing liquid at minus 45°F and it will evaporate by 
absorbing heat from the surrounding steelwork. 

Nevertheless, secondary barriers are not provided for warm 
pressure type cargo tanks for the reason that large volume 
leaks from these tanks, which are constructed to very high 
standards, are not expected other than in most exceptional 
circumstances. 


3. Fully Refrigerated Type and Pressure/Low Temperature 
Type 


(a) CARGO PUMPING AND PIPING ARRANGEMENTS 


On fully refrigerated and pressure/low temperature types 
of liquefied gas carriers the main cargo pumps are located 
inside the cargo tanks at the tank bottom and they are usually 
of the deep well or submerged electric type. 

With the deep well type of pump the driving motor is 
located on the open deck and the pump is driven by a shaft 
which passes through a cargo tight gland at the tank top down 
to the pump. The pump is usually suspended from the cargo 
tank roof by a pipe through which the cargo is discharged to 
deck and which also encloses the pump driving shaft and its 
bearings. 

In the case of the submerged electric type of pump the 
electric driving motor is located at the bottom of the cargo 
tank and it is required to operate in the cargo fluid. The 
pump and its motor may be attached to the tank bottom 


plating or they may be suspended by the discharge piping in 
a similar manner to that of the deep well pump. With the 
latter arrangement one manufacturer is able to supply a pump 
which can be replaced without having to gas free the cargo 
tank. 

On ships provided with submerged electric pumps strict 
precautions have to be taken to ensure that the pumps never 
operate in an explosive atmosphere, although the same pre- 
cautions also require to be taken with deep well pumps as a 
hot bearing could be equally as dangerous as a faulty electric 
motor. This is one reason why it is considered essential that 
an explosive atmosphere should never be allowed to form in 
cargo tanks and cargo handling systems on board liquefied 
gas carriers. 

The foregoing cargo tank pumps are sometimes arranged 
to discharge to the suction side of two or more booster pumps 
located on deck. The latter pumps are arranged so that they 
can be operated in parallel or series depending upon the total 
discharge head required and which is dictated by the pressure 
in the land storage tank and its location relative to the ship. 


The main cargo tank pumps and the booster pumps are 
usually of the well known centrifugal type and a detailed 
description is not necessary in this paper. 

A simplified diagrammatic cargo pumping arrangement is 
shown in Fig. 16(a). 

Stand-by means should be provided for pumping out each 
cargo tank and where the tanks are of the non-pressure type 
divided by a longitudinal bulkhead it is common practice to 
provide a cargo pump in both the port and starboard sides of 
the tank for this purpose. The bulkhead which is not gas tight 
at the top is fitted with a deck controlled valve located at the 
bottom of the tank and in the event of the failure of one of 
the pumps the valve is opened and the contents of both sides 
of the tank are dealt with by the remaining pump (see Fig. 
16(b). Where tanks of the foregoing type are only provided 
with a single pump, other acceptable stand-by arrangements 
for discharging cargo include eductors, blow case pumps or a 
a vapour lift system. 

The provision of stand-by means for pumping out pressure 
type cargo tanks does not present any particular problem as 
these tanks can easily be discharged by over-pressure means 
as previously described. 


The inerted containment spaces surrounding the low tem- 
perature cargo tanks of the type under notice should also be 
provided with means for pumping out in the event of tank 
leakage or rupture or in the event of the ingress of water. 
The pumps or other means provided for this purpose should, 
therefore, be suitable for use with liquefied gas or water. 

In an emergency it should be possible to discharge over- 
board the contents of the cargo tanks or containment spaces. 
A nozzle, which can be bolted to the stern discharge or the 
liquid cross-over line or a containment space pump discharge 
connection on deck, should be provided on board so that the 
liquid discharge will reach the water well clear of the ship. 

In order that any liquefied gas which has found its way 
into a containment space can be pumped overboard or ashore 
via the main liquid cargo line on deck it is usual to provide 
emergency connections between the two systems. These con- 
nections could be a source of leakage of cargo gas into the 
containment space and for this reason it is considered that 
they should be made by means of a portable flexible pipe or 
be provided with spectacle blank flanges. Valves should be 
fitted at the liquid line side of the connection to facilitate the 
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FIG. 


16a 


Simplified diagrammatic cargo pumping arrangement for fully refrigerated and pressure/low temperature types of 
liquefied gas carriers. 


fitting of the flexible pipe or the changing of the blank with- 
out allowing the escape of cargo liquid or vapour to the 
atmosphere. 

When discharging cargo it is necessary to compensate for 
the drop in liquid level in the tanks by supplying an equal 
volume of cargo vapour to the tanks in order to prevent a 
gradual reduction of cargo tank pressure which may eventu- 
ally interfere with the operation of the main pumps. It should 
be borne in mind that these pumps have to handle boiling 
liquids and that they will not operate satisfactorily when the 
pressure, or head of liquid, on the suction side of the pump 
falls below a minimum level which is usually stated by the 
pump manufacturer and is known as the “net positive suction 
head” (N.P.S.H.). On account of this phenomenon it is usually 
necessary to slightly over-pressurize the cargo tanks when 
pumping out the last two or three feet of liquid. 

Vapour blowers, or compressors, are provided on board for 
handling the cargo vapour and for pressurising the cargo 
tanks. The vapour blowers are also used for handling the 
inert gases and atmospheric air when inerting, gas freeing and 
purging the cargo tanks and containment spaces, etc. 

A vaporizer will be required on board for producing cargo 
gas at ports where a vapour return line is not provided and 


23 


it should have a capacity equivalent to the total volumetric 
pumping capacity of the ship. 

Loading of cargo is carried out by shore pumps in a similar 
manner to that employed for the pressure and semi-refri- 
gerated type of liquefied gas carriers previously described. In 
this case, however, it will be necessary to run the reliquefac- 
tion plant continuously when cargo is being loaded into non- 
pressure type tanks at ports where a vapour return line is not 
provided on shore. 

Prior to loading refrigerated cargo into warm tanks through 
the internal filling pipe, which is required to extend to the 
bottom of the tank, it is necessary for the tanks to be cooled 
down and this is described in detail elsewhere in the paper. 

In order that cargoes of fully refrigerated liquefied gases 
may be discharged ashore at ports where the storage tanks 
are of the semi-refrigerated or pressure type it is usual to 
provide a sea water circulated heater on board so that the 
cargo can be heated to the required temperature as it is being 
pumped ashore. In the case of propane it may be necessary 
to raise its temperature to, say, minus 5°C from its carrying 
temperature of minus 43°C. 

The sea water supply to the heater can be obtained from 
pumps in the machinery space, but it is considered that the 
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Typical arrangement of cargo tanks and containment space pumping diagram on board fully refrigerated 
liquefied gas carriers. 


sea water discharge from the heater should be led overboard 
outside the machinery space in order to reduce to a minimum 
any possibility of cargo vapour entering the machinery space 
in the event of a leak in the heater from the cargo side to the 
water side. 

It will be appreciated that sea water could freeze and 
damage the heater if the necessary required flow were not 
maintained and for this reason it is considered essential that 
an automatic device should be provided for stopping the flow 
of liquefied gas through the heater in the event of the tem- 
perature of the sea water outlet dropping to a minimum safe 
level or the flow of water falling to a predetermined minimum 
rate. The heater should also be provided with a safety relief 
valve on the water side for relieving any excess pressure which 
may develop in the event of a cargo leak into the water side 
of the heater when it is not in use. 

The cargo side of the heater should also be provided with 
a safety relief valve, as should all sections of cargo piping and 
other items of equipment which may contain liquid and 
which can be isolated. These relief valves are required for 
hydraulic relief in view of the fact that the volumetric co- 
efficient of expansion for a liquefied gas could be in the 
region of fifty times as high as that for a steel container. The 
outlets from these relief valves should be piped to the vapour 
relief main or other safe position. 


(b) CONNECTIONS TO CARGO TANKS 
Shut-off Valves 


Liquid filling and discharging connections and vapour con- 
nections to non-pressure type cargo tanks should be provided 


with manually controlled shut-off valves or cocks. Remote 
controlled valves need not be provided at these connections 
although, as mentioned later under level gauges, a remote 
controlled master valve is commonly fitted in the liquid fill- 
ing/discharge connection at the tank hatch in addition to the 
manually operated valves. It should be mentioned at this time, 
however, that the terminal liquid and vapour valves at the 
loading stations should be capable of being closed locally and 
from at least two other widely separated positions on the 
upper deck. 

The connections to low temperature/pressure type cargo 
tanks should, of course, be provided with double shut-off 
valves as for pressure type tanks. 

Pressure relief valves and vacuum relief valves should also 
be fitted to the cargo tanks as for pressure type tanks. 


Level Gauges 


Each cargo tank should be provided with an approved 
liquid level gauging device. In addition to indicating the level 
of the liquid in the tank over the full depth, this gauge should 
be arranged to give audible and visible warning of high and 
low liquid levels in the tank. 

The Rules also require each tank to be provided with an 
independent high level alarm device which, besides giving 
audible and visible warning of over-filling, is capable of closing 
the terminal liquid valve at the cargo loading station. How- 
ever, in order not to stop the loading of cargo each time a 
cargo tank becomes full, the independent high level alarm is 
often arranged to close the tank filling valve instead of the 
terminal loading valve and this arrangement is acceptable. 


(c) CONTAINMENT SPACE PRESSURE RELIEF DEVICES 


Arrangements should be provided to prevent excessive 
pressure coming on to the inerted containment spaces either 
during service of in the event of leakage from the cargo tanks. 

The form these pressure relief devices take will depend to 
some extent on the location of the cargo tank insulation. In 
ships where the insulation is attached to the hull structure the 
containment spaces will be at a temperature practically the 
same as that of the contents of the cargo tanks and in the 
event of cargo tank leakage the boil-off should not be exces- 
sive and relatively small relief valves will suffice to protect 
the space against excessive pressure. 

The discharges from these relief valves should be led to 
the vapour relief main or separately to their own safety riser 
so as to preclude the possibility of contamination of the con- 
tainment space in the event of a leaky safety valve. 

On ships where the insulation is attached directly to the 
cargo tanks it will be necessary for large pressure relief 
devices to be provided as the containment spaces will be 
relatively warm and the boil-off could, initially, be excessive 
in the event of tank leakage. In this case the large area 
required for pressure relief is provided by bursting discs or 
alternatively the containment space access hatch covers are 
arranged as spring loaded or lever and weight safety valves. 

It would not be practicable to connect the discharges from 
these large relief devices to a vapour relief main and in the 
circumstances it is recommended that in addition at least one 
small relief valve, with its discharge led to a safety riser, 
should be fitted to each containment space for dealing with 
pressure/temperature variations and any small cargo tank 
leakage which may take place. 


MATERIAL AND DESIGN REQUIREMENTS FOR 
PRESSURE TYPE TANKS 


Where it is intended to transport liquefied gases under 
pressure at ambient temperature or temperatures not below, 
say, 0°C, the selection of suitable materials for the construc- 
tion of the pressure tanks and cargo handling equipment does 
not pose any great problem. Where, however, it is intended 
to transport the liquefied gases at low temperature the choice 
of materials is to some extent limited as it is essential that 
the materials should retain reasonable notch ductility at the 
minimum service temperature. 

As mentioned previously, vessels which are intended for the 
carriage of liquefied gases should be constructed generally in 
accordance with the Rules for Welded Pressure Vessels Class 
I; the relevant requirements of which are set out in Section 
J 7 of the new Rules for Boilers and other Pressure Vessels. 
It should be mentioned that this section of the Rules does 
permit some relaxation of Class I requirements as regards 
tests and heat treatment, depending upon design, scantlings 
and materials used. 

The most important relaxation of the Rules in this respect 
is that of heat treatment and, where the pressure vessel is too 
large for furnace stress relief, proposals for local stress relief 
and stress relief of prefabricated components will be con- 
sidered. 

Generally speaking, stress relief of large completed tanks 
constructed from carbon or carbon-manganese steels will not 
be insisted upon provided fabricated sections subject to 
restraint are stress relieved before assembly into the tanks. 
This includes plates incorporating such items as welded-in 
nozzles, domes and support fittings, etc. The maximum plate 


thicknesses should not exceed, say, 14 in. for low tensile 
carbon steel reducing to } in. for the higher tensile carbon- 
manganese steels. Furthermore, when calculating the scant- 
lings of the tanks a weld coefficient of 0°95 should be adopted 
in place of the usual coefficient of 1. 

With regard to the question of notch toughness is it con- 
sidered that plate material intended for low temperature pres- 
sure type cargo tanks should be Charpy V-notch impact tested 
to give at least 35 ft.lb. at the lowest service temperature. 
The procedure and production tests on butt welded plates 
should be similarly tested to give at least 27 ft.lb. for test 
pieces notched at the weld centre and in the heat affected 
zone. Where the cargo tanks are fully stress relieved on com- 
pletion of all welding it is considered that the foregoing values 
could be reduced to, say, 30 ft.lb. and 23 ft.lb., respectively, 
for the larger tanks of about 20 ft. diameter or over, progres- 
sively reducing to, say, 20 ftlb. and 15 ft.lb. respectively 
for the smaller tanks which do not exceed about 5 ft. in 
diameter. The latter impact values would appear to be in line 
with most of the British Standard specifications for welded 
pressure vessels and they are also the minimum acceptable 
values for cargo piping and associated equipment subject to 
low temperature. 

It will be noticed that lower impact values are required for 
pressure type tanks than those required for non-pressure type 
tanks and the main reason for this is that the former tanks 
are considered to have the cleaner design, i.e. being circular 
in section they are free of stiffeners, girders, brackets and 
stringers, etc., which are necessary with the flat sides of the 
non-pressure type tanks. 


CONCLUSION 


The demand for liquefied gas as a source of energy should 
increase considerably as more and more undeveloped nations 
industrialize. Not all of this gas will be found on the nations’ 
doorsteps as in the case of North Sea gas and Western 
Europe. A considerable proportion of the world’s supply of 
this type of fuel must be transported over large distances and 
the demand for ships designed for the carriage of liquefied 
gas in bulk should continue. 

In producing this paper the Authors have tried to sum- 
marize their present knowledge so that this will be readily 
available to their colleagues. It must be emphasised, however, 
that they do not wish to be dogmatic and that each section of 
the paper is open to revision as knowledge and experience 
increases. The paper is offered as a stepping stone to the 
investigation of new and more sophisticated designs of lique- 
fied gas ships and their cargo handling systems. 
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APPENDIX I 


Keys and Supports 


Calculation of Area of Supports and Keys assuming : — 


Length of Tank =L=80-0 ft. 
Breadth of Tank =B=72°5 ft. 
Depth of Tank =H=43:0 ft. 


Total Vertical Dynamic Component =V=1-78 

Weight of Tank+Cargo+ Insulation =W=4,000 tons 
Dynamic Weight W x V =WD=7,100 tons 
Angular acceleration due to pitching =P=0-084 rads/ sec.” 
Angular acceleration due to rolling =R=0-207 rads/sec.? 
Acceptable stress for keys and supports=f=100 tons/ sq.ft. 


Anti-Roll Keys 


The forces due to rolling (F) are a combination of those 
due to the angular acceleration of the tank (FR) and the 
force induced by the incline of ship (FI). The force can be 
divided into two or more parts depending on the number and 
position of the keys. Assuming the tank in question has two 
rows of anti-rolling keys, one situated on the centreline of the 
tank at the top, and the other on the centreline at the bottom 
(see Fig. 17). 
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. WK 

Transverse Mass Moment of Inertia It=——— 
g 

HeteB feo atone 


12 12 

K can be refined by correcting for the cut-away corners of 
the tank, but the above is a close approximation. 

_ It. R__ 4000 x 592 x -207 


Z 


Top anti-roll key 


=592 ft.? 


where K?= 


=357 tons 
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Bottom anti-roll key 
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Forces when rolling. 


Assuming resistance to slipping caused by angle of incline is 
shared by both top and bottom keys, we have 
FI WD. Sine 30° 7100 x -5 


=1775 tons 


= 1775 +357=2132 tons 
=1775—357=1418 tons 


*, Total Force on Top Keys 
Total Force on Bottom Keys 


2132 
Minimum area of Top Keys Pane =21-32 sq.ft. 
oe 1418 
Minimum area of Bottom Keys =<, = 14-18 sq.ft. 


Anti-Pitch Keys 


The forces due to pitching (F) are a combination of those 
caused by the angular acceleration of the tank (FP) and those 
induced by the maximum pitch angle (FI). Again F can be 
divided into two or more parts depending on the number and 
position of the keys (see Fig. 18). 
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WwW 
Longitudinal Mass Moment of Inertia I=——— 
g 


L?-+-H? 80?-+- 43? 
where K?= = = 687ft.2 
12 12 
‘ I P 4000 x 687 x -084 
- FP=—_=——_—_——————_ = 168 
H 32 x 43 
FI WD. Sine 6° 7100 x -1045 
<= = = 37] tons. 
2 2 2 


=371+168=539 tons 
=371—168=203 tons 


*. Total force on Top Key 
Total force on Bottom Key 


539 

Minimum area of Top Key artes =5:39 sq.ft. 
203 

Minimum area of Bottom Key ar =2°03 sq.ft 


’ Bottom anti-pitch keys 


wD 
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Forces when pitching. 


Anti-Collision Chocks 


4000 


WwW 
oe a =2000 tons 


Say, allowable stress of chock material in emergency condi- 
tion is 120 tons/sq.ft. 
Minimum area of Forward Anti-Collision Chocks 


See erat 
120 3 


Minimum area of After Anti-Collision Chocks 
1000 


120 
As the anti-pitch chocks are complementary to the collision 
chocks, then their support may also be used in assessing the 
required area. 
Area required forward=16°7—(5:39+2:03)=9°3 sq.ft. 
Area required aft = 8:-3—7°42 =0°9 sq.ft. 


8-3 sq.ft. 


Area of Supports 
Force=WD=7100 


en : 7100 
Minimum required area=——-=7] sq.ft. 


It must be emphasised that all the foregoing minimum areas 
relate to the actual area of the faying surfaces, these will be 
the vertical cross sectional area for the anti-pitch keys, anti- 
roll keys and anti-collision chocks and the horizontal cross 
sectional area for the supports. 


APPENDIX II 


Strength of Cargo Tanks 


It is considered that the strength of free-standing cargo tanks 
is adequately covered in Ref. 1 and it is not intended to repeat 
what has already been said, but rather to expand on one or 
two items, or to raise points that were not previously men- 
tioned. 

In Ref. 1, page 15, a formula is given for the plate thickness 
of aluminium tanks. Since then the trend has been away 
from aluminium tanks to steel alloy tanks and for steel, 
where deflection is not the limiting criterion, the equivalent 
thickness may be determined as follows: — 

1-68 , 
t=ts x —— (/SG+1) 
Vf 
where f=permissible stress for chosen tank quality steel. 
SG=specific gravity of heaviest cargo to be carried. 


ts=mild steel thickness from D 1906 of the Rules with- 
out correcting for specific gravity. 


The method of arriving at the scantlings of the stiffening 
material has remained unaltered but experience has shown 
that the pressure diagram, particularly for tanks of unusual 
shape, can best be arrived at by a combination of graphical 
and mathematical means. The increase in pressure head due 
to the 6° trim of the ship is still arrived at mathematically, 
but it is now usual to graphically determine the induced hori- 
zontal and vertical pressure heads due to the 30° angle of heel. 


All measurements in feet 
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Vertical and horizontal pressure heads. 
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TABLE 1 


1 2 3 4 5 6 u 8 9 10 | 11 12 
RELIEF VERTICAL VERTICAL TOTAL 
POSITION VALVE nae Kh sinks” ga HEAD DUE HEAD DUE VERTICAL Kv a ee Be ead pap sete age 
SETTING TO ROLL TO TRIM HEAD 
Ibs/ sq ft ft Ibs/ft3 Ibs/sq ft ft ft ft Ibs/ft3 Ibs/sq ft _—_—Lbs/sq ft Ibs/sq ft 
3x4 7+6 8x9 2+5+4+10 
a 205 45-51 1-05 47-3 0 5:66 5-66 58:0 328 580 
Ze ae | 
b 205 12-70 1-05 13-3 0 5:66 5:66 58-0 328 546 
c 205 0 1-05 0 22°21 5:66 27-87 58-0 1618 1823 
a | 
d 205 3:22 1:05 3-4 33-20 5-66 38-86 58:0 2250 2458 
e 205 31-36 1-05 32-9 49-57 5:66 55°23 58-0 3200 3438 
f 205 59-65 1:05 62:6 65-88 5-66 71-54 58:0 4150 4418 
g 205 70-87 1-05 74:3 63-03 5:66 68-69 58-0 3980 4259 
h 205 83-53 1-05 87-6 40-62 5-66 46-28 58-0 2683 2976 


Fig. 19 shows a typical L.P.G. tank with no centreline bulk- 
head, inclined at 30°. All vertical heads are measured to 
the highest part of the tank, a.b. All horizontal heads are 
measured from c. For this example it is assumed that the 
following are either known from the general arrangement 
of the ship or have been calculated as per Ref. 1. 


P setting of pressure relief valves =205 1b./sq.ft. 
ae 

> Sine 6=5°66 ft. 

7 y=30°9 Ib./cu.ft. 


Total Vertical acceleration =28-16 ft./sec.* 
.. V=0°88 
.. (l+v)=1-88 
Total Horizontal acceleration=1-088 ft./sec.? 
.. h=0°034 
Kv (constant) =(1+v) Y =1-88 x 30°9 
=58 Ib./cu.ft. 


Kh (constant) =h.y =-034 x 30°9 


= 1°05 1b. /cu:it. 


Having arrived at the above, the pressure diagram (see 
Fig. 20) can be calculated as shown in Table 1. 

By observation of Fig. 19 and Table | it can be seen that 
a centreline bulkhead will considerably reduce the tank scant- 
lings as the vertical and horizontal heads would then be 
measured to the highest point and horizontally most distant 
point respectively of the half of the tank being considered. 
In order to reduce the amount of extra cargo handling equip- 
ment necessary with two completely separate tanks port and 
starboard, the centreline bulkhead need not be tight in the 
vapour space at the top of the tank, and a gate valve should 


1323 psf 


(500 psf), 


1323 pst__ | 


(3637 psf) 


4418 psf 
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Methane tank, 


be fitted at the bottom of the centreline bulkhead so that the 
port and starboard sides can be made common should one 
discharge pump fail. 


APPENDIX III 


Cargo Tank Pressure Relief Valves 


The United States Coast Guard Rules state that the safety 
relief valves shall have a combined relieving capacity suffi- 
cient to prevent a rise in pressure in the tank of more than 
20 per cent above the design pressure of the tank. The mini- 
mum rates of discharge of safety relief valves shall be not 
less than that determined by the following formula: — 


FA°:82 a 
Q=633,000-——— — (1) 
Le M 
or 
Q= FGAQ2:®2 (2) 
Where: 


Q=Minimum required rate of discharge in cubic feet per 
minute of air at standard conditions (60°F and 14:7 
p.S.i.a.). 

F=Fire exposure factor. 

F=1-0 for non-insulated pressure vessel type tanks. 

F=0-S5 for pressure vessel type tanks insulated with approved 
fireproofing material. This fire exposure factor may be 
used with approval of the Commandant, based on the 


thermal conductance of the insulation and its stability 
under fire exposure. 


F=0°2 for independent non-pressure vessel type tanks in 
holds which are not maintained inerted. 


Hydrostatic pressure 
Dynamic Methane pressure 


™. _ 546 psf 


no centreline bulkhead a \ (1595 f) 
ps 


—SS ———  — 
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/ 


2458 psf (3637 psf) 
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Tank pressure diagram. 
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F=0'1 for independent non-pressure vessel type tanks in 
inerted holds, and for membrane type tanks. 

M=Molecular weight of the cargo. 

T=Temperature, degrees R(460+temperature in degrees F. 
of gas at relieving conditions). 

A=Total surface area of the cargo tank in square feet which 
may be subjected to fire exposure. For non-pressure vessel 
type cargo tanks, A=entire surface area, less the bottom. 

A=7X D(U+0°3D), for cylindrical tanks with spherically 
dished or semi-ellipsoidal heads. 

A=7X (D X U) for cylindrical tanks with hemispherical 
heads. 

A=7XD*, for spherical tanks. 

D=Outside diameter of the tank, in feet. 

U=External overall length of the tank, in feet. 

C=Constant based on the relation of the specific heats. See 
ASME “Unfired Pressure Vessel Code”, Section 8, 
Appendix J, which may be purchased from American 
Society of Mechanical Engineers, 345 East 47th Street, 
New York, N.Y. 10036. (If K is not known, use C=315.) 

L=Latent heat of the material being vaporized at relieving 
conditions, in B.t.u. per pound. 

Z=Compressibility factor of the gas at relieving conditions. 
(If not known, use Z=1°0.) 

G=Constant for individual gas. Typical values for propane 
are given in Table 38.10-15(c)(1). 


Table 38.10-15(c)(1)—Typical Values for Commercial 
Propane. 


“G” constant for 
relieving conditions 
at 120 per cent of 
relief valve setting 


POO axernss cewidivttceseatra «. 53°6 


Relief valve setting, pounds per 
square inch gauge 


SU itarsassig vache deentte sone soon: 40°3 
OS earcecreae coecta Ae anosta sues 38-6 


Example 


A cargo tank, 80 ft. long x 50 ft. wide x 30 ft. deep, is 
required to transport propane, butane or ammonia at a maxi- 
mum vapour pressure of 4 Ib./in.* gauge. The tank is 
insulated and is located in an inerted containment space. 
Calculate the required minimum capacity of the safety valves 
to be fitted to the tank. 


FA°:82 
(1) Q=633,000 — ie 
iS M 
where F=0°1 
A=2 (80 x 50) x 30+(50 x 80)=11,800 sq.ft. 


L=180 B.t.u./lb. for propane, 163 for butane and 
605 for ammonia. 


N.B.—As butane has lowest latent heat value it will generally 
require the largest safety valve capacity and the calcu- 
lations should, therefore, be based on a cargo of 
butane, 


and Z=1, say. 
T=460+45=S505°F absolute 
M=58°1 
C=327 (see ASME sect. 8) 
*1 x 11800°5? 1 x 505 
=7,650 cu.ft. per min. 


Q=633000 x 


(2) Q=FGA:*? 
='1 x 38-6 x 11800°*? 
8,430 cu.ft. per min. 


Taking the larger of the two values this would require a 
full bore safety valve with a throat diameter of about 6 in. 
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Discussion on Messrs. F. H. Atkinson and S. Sumner’s Paper 


SOME FURTHER NOTES ON THE CARRIAGE OF LIQUEFIED GASES 


Mr. R. J. C. DOBSON 


In commenting on this paper this writer would like to say 
that these comments in no way imply that he does not think 
this paper to be an admirable one. The following comments 
are only intended, if possible, to précis some of the statements 
made by the Authors, hoping in this way to enhance its stated 
purpose. 

In the chapter on General Arrangement, the Authors state 
that the “trunk” usually found on these ships was introduced 
by a desire to obtain a greater cubic capacity because of the 
light cargo. Following this reasoning, however, the methane 
carriers, with a lighter cargo than ammonia, would show this 
tendency even more than ammonia/propane carriers. This 
does not seem to be the case if one looks at the Methane 
Princess for instance. This writer would like to suggest that 
the trunk was introduced for two reasons, apart from the 
additional advantage of proper positioning of the anti-rolling 
keys, viz.: — 

1. To increase the stability by reducing the free surface 
area, particularly in ships where the number of tanks in 
the hold space has been reduced to a small number. 


tr 


To act as a header for the cargo vapour and to avoid 
vapour traps. This is of particular importance for those 
carriers in which the boil-off of the cargoes has to be 
re-liquefied for economic and safety reasons. 

It is also stated, in the same chapter, that some relaxation 
can be made regarding the necessity of having cofferdams or 
deep tanks at the forward and after end of the cargo tank 
space. In the chapter on secondary barriers it is stated that 
it is a requirement that the double bottom tanks in way of 
the cargo tanks will be capable of being flooded with sea 
water in the event of a cargo tank being bilged and the tem- 
perature of the hull structure being in danger of decreasing 
below acceptable limits. These two statements are inter- 
related and no doubt also explain the reason for having full 
height wing tanks. It has always puzzled this writer that the 
need was felt to be able to flood adjacent deep tanks, coffer- 
dams, etc. As stated, the secondary barrier for extremely low 
temperature cargoes should be constructed in such a way that 
it can contain the leaking cargo for 14 days, and this barrier 
should further be separated from the ship structure by means 
of insulation in such a way that the temperature of this struc- 
ture does not fall below that compatible with the quality of 
the steel used for that structure. This writer would like to 
Suggest that if adjacent spaces are flooded, the likelihood that 
the steel structure of the ship will fall below the temperature 
for which the steel is suitable has been increased, not dimin- 
ished. 

Without flood water on one side of the steel, the ship's 
structure is “outside” the insulation which has been calculated 
to provide the necessary temperature gradient between the 
secondary barrier and the adjacent steel. With flood water in, 
say, the double bottom, the ship’s tank top will be “inside” 
the insulation layer between the secondary barrier and the 
surrounding sea water owing to the destruction of the air space 
in the double bottom with its high resistance to heat flow. A 
temperature gradient will now be established between the 


secondary barrier and the sea water surrounding the hull, and 
in 14 days this will have established an ice layer adjacent to 
the tank top in such a way that the temperature at the ice 
surface in contact with the water will be at the water’s freez- 
ing temperature. In way of the tank top, however, the tem- 
perature will be far below zero and this temperature may 
well be below that acceptable for the steel. The contingency 
of a breakdown in the secondary barrier cannot be catered 
for in the opinion of this writer, and total loss must be 
accepted. 

With regards to the pressure vessel type tank, this writer 
was interested in, and rather frightened by, the mechanical 
stress relieving procedure which may be required if approval 
by the U.S.C.G. is sought, i.e. hydraulic pressing up of the 
tank to a pressure 50 per cent in excess of the design pressure. 
This procedure does not seem to be infallible. Under this type 
of excess pressure weaknesses may have been introduced in 
the structure and it may well fail at much lower loads after 
having sustained this much higher static load. Would it not 
be advisable, after such a test, to press up the tank, say, at 
least twice, to its working load before calling it a day? 

Another curious feature in respect of pressure vessels is the 
impact requirement for its material, i.e. 35 ft.lb as opposed 
to 40 ft.lb for tanks at atmospheric pressure, both at the 
service temperature of the tank. It has been argued by one 
of the Authors that the pressure vessel is a cleaner design 
and impact values can therefore be lowered, but the value of 
35 ft.lb looks suspiciously like the value of grade D steel at 
0° C., and the question immediately arises whether tempera- 
tures of —103°C. were contemplated when this value was 
laid down. Looking at Fig. 9 of the paper, there would seem 
to be an argument for increasing the impact values towards 
lower service temperatures. The slope of the transition curves 
of steels suitable for lower temperatures seem to rotate and 
even 40 ft.lb may no longer indicate a ductile steel when 
very low temperatures are considered. It is felt that there 
is really a case for two types of tests which should be used 
in conjunction with one another and no attempt should be 
made to correlate them. These tests could be: — 

1. An impact test taken at the service temperature to take 
care of notches and other stress concentrations in the 
structure due to design. 

A nil ductility test, such as, for instance, the Pellini drop 
weight test to ensure that the material has sufficient 
reserve ductility, i.e. does not become brittle until a tem- 
perature is reached well below the service temperature. 
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One should not really expect the Charpy impact test to do 
two tasks at once unless account is taken not only of the 
impact energy value, but also of the crystallinity of the frac- 
ture surface. In this respect it is also interesting to note that 
with pressure vessels the impact values apparently vary with 
the diameter of the vessel and reduce to 20 ft.lb for vessels 
with a diameter of 5 ft or less. The relationship between 
diameter and impact value is not quite understood. 

The impact values in the weld and in the heat-affected zone 
are } x the value specified for the material in every case, and 
are obviously derived from it. The Authors suggest that this 
can be allowed owing to the higher yield strength of the weld 


metal. It is thought that a more valid reason why these impact 
values can be reduced in the weld is the fact that the impact 
values quoted for the parent plate are for impact test pieces 
taken in the direction of rolling (the longitudinal direction), 
while the impact values in the transverse direction are usually 
considerably lower. Fractures starting in the weld therefore 
tend to propagate into the plate, provided, of course, that the 
impact values in the weld do not fall below a certain mini- 
mum percentage in terms of impact values for the parent 
plate. Incidentally, the number of bend tests required for 
shipyard welding procedure tests should be a minimum of 
four, i.e. two face bend tests and two root bend tests per butt 
weld. 

Leaving the problems of material specification aside, the 
Authors mention in Appendix | that the required area for 
the tank supports is calculated by dividing the total weight of 
tank and cargo, corrected for acceleration, by the load per 
square foot which the support material can safely withstand. 
Could the Authors say whether there is any system by which 
this area is distributed over the bottom panel of the tank? 
Much of the tank weight for instance may come down the 
side walls of the tank, but on the other hand supports at the 
centre of the bottom panel will carry a greater share of the 
cargo. 

The Authors’ comments are awaited with interest. 


Mr. M. Z. NAVAZ 


The Staff Association’s papers, although published for circu- 
lation among its members, invariably find their way into the 
hands of many others connected with the shipping world. I 
believe that this paper too will acquire this circulation. Both 
the ship and cargo handling subjects have been dealt with in 
an enlightened manner and the Authors should be congratu- 
lated. 

The number and size of these liquefied gas tankers are 
growing year by year. Ships of 50,000 cubic metre capacity are 
being built now. The truly general-purpose liquid gas tanker 
has yet to be brought into operation. Up to now they have 
been generally specialised ships armed with long term charters 
for carrying a limited range of cargoes. The trend will be to 
have reliquefaction plants on board even for lighter-than-air 
gases; small package units are available for this purpose. 
The capacity of the conditioning plant will increase consider- 
ably with a view to handling hot cargoes rather than just 
satisfying minimum classification requirements. It is estimated 
that the two methane ships operating between Algeria and the 
U.K., if fitted with a cargo conditioning plant, could save two 
round trips a year, and the cost of the plant could be paid 
for in a relatively short period. Moreover, observations show 
where cargo vapour is used as a fuel on board ships that, 
when the power required is a maximum, there is minimum 
boil off from the cargo, i.e. in calm weather, and vice versa. 

In assigning class notations great care should be given to 
pressure and temperature notations. Referring to page 8 and 
to page 22 of the paper, the class notation providing for vari- 
ous working pressures at different carrying temperatures will 
place a very great burden on the shipowner and will no doubt 
limit the operational capacity of the vessel. 

The secondary barrier should not be looked upon merely 
as a containment barrier, but also as a thermal shock barrier, 
to protect low grades of steel comprising the hull structure. 
The resulting temperature configuration that would be estab- 
lished should a pressure vessel rupture is a very complex 
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problem and is associated with many variables. The contain- 
ment of the liquid cargo outside its pressure vessel container, 
if a rupture occurs, will essentially depend upon the mechanism 
of heat transfer and the establishment of a temperature 
gradient with the ambient atmosphere. But whatever liquid 
that may be contained will be at a temperature corresponding 
to the established vapour pressure outside the pressure vessel. 

With reference to electrically monitored gas analysers, page 
5, it is not the practice of the Society to call for intrinsically 
safe instruments. These analysers are located in well ventilated 
safe spaces fitted with flame traps, and they generally monitor 
gas leaks into inerted spaces and have to deal with small 
quantities. These analysers also draw samples from spaces 
which are liable to gas contamination, such as the cargo con- 
ditioning compartment. Here again the quantity of gas 
handled is small and additional precautions are taken. 

On the other hand where a portable electrically operated 
explosion meter is provided on board ship, it should be certi- 
fied to be intrinsically safe. The instrument should be capable 
of being used without restriction in any part of the ship. It 
is possible for a safe space to become contaminated with 
explosive gas in isolated pockets of the compartment far 
removed from the paths of good ventilation. 


With reference to tank cooling, page 12, the cooling down 
is carried out to reduce the temperature of the tank to 
the carrying temperature of the cargo—not to reduce stress 
in the tank structure. It is very difficult to predict whether 
stresses would be induced in the tank structure unless a com- 
parative study and measurement is made, with reference to 
ambient temperature conditions. It is possible that many 
stresses locked in the material at ambient temperature are 
relieved or changed from one state to another, such as tensile 
to compressive, and possibly complex stresses are also induced 
at different parts of the tank structure. The Society does not 
require any cooling down arrangements for pipelines. Here 
care is taken by the operating personnel to cool the pipelines 
slowly. 

The ideal form of tank cooling is to reduce the tank tem- 
perature uniformly in stages. This may be possible with 
a cooling coil system, but not with a spray system. The 
temperature difference allowed within the tank structure 
during cooling down is limited by the composition of the tank 
material and the disposition of the structural members. For 
example, with a rectangular aluminium tank with horizontal 
stiffening, it is normal to experience a temperature difference 
of nearly 200° F between the coldest and warmest parts of 
the tank, while for alloy steel tanks with vertical stiffeners, 
the Society has requested that the temperature gradients be 
limited to 50° F. Even this problem requires to be studied in 
great detail. 

The time spent in cooling down a cargo tank may be con- 
siderable. The Refrigeration Department did a number of 
studies on the cooling down of cargo tanks with reference to 
problems of heat transfer. I note with pleasure that much of 
the Department’s findings have been incorporated in this paper 
and will be dealt with in greater detail in the paper to follow. 

On spray systems, the only practical evidence accumulated 
so far is in relation to size of spray orifice. The supply pipes 
could be any size depending on the quantity of cooling down 
liquid required and on the capacities of the conditioning 
equipment. With spray cooling systems care should be taken to 
prevent excessive pressure drops, the formation of large liquid 
droplets, snow formation, solid particle formation and static 
electricity generation, and liquid impingement. 


It appears that the simplest, safest and most trouble-free 
cooling arrangement will be a form of indirect cooling coil 
system, and in the case of membrane tanks liquid nitrogen 
cooling, which will be dealt with in a later paper. 

Inerting has become a standard feature of all gas tankers, 
and it has certainly helped to eliminate one possible cause 
of explosions. The use of explosive vapours as refrigerants 
has never been looked upon very favourably by the Society. 
and their use has only been allowed after calling for rigid 
control over first-charging operations. For first-charging 
Operations the cargo tank has been considered as a large 
refrigerant receiver. All this resulted in the Refrigeration 
Department examining in detail first-charging and commis- 
sioning programmes for liquefied gas tanks. 

An oxygen-rich atmosphere is inerted by diluting the oxygen 
with inert gas and thereby reducing the percentage by volume 
of oxygen present. As the Authors have pointed out, there is 
no fixed quantity of O, that is allowable for an inerted atmos- 
phere. This varies according to the type of gas handled. But 
the general criteria used have been: — 

(a) To reduce the O. content to 50 per cent below the point 
where U.E.L. and L.E.L. of the gas coincide on inerting. 

(b) If the gas readily forms dangerous oxides with the 
remaining O, present in the atmosphere then the allow- 
able oxygen required to provide an inerted atmosphere 
must be further reduced to a few parts per million by 
flooding with inert gas. 

I should like to point out that where the containment spaces 
are small and the insulation has been provided on the 
secondary barrier, the refrigeration compressors have been 
connected to the containment spaces in order to limit pressure 
rises. The drainage is carried out by the cargo pumps. 

I am glad to note that the commendable practice of separa- 
ting the condensate returns from the reliquefaction plant has 
been shown in many of the sketches, but this matter is still the 
subject of much correspondence with shipbuilders and plant 
manufacturers. 

I regret to say that in spite of broad rules on venting and 
vapour relief requirements as stated in Chapter E of the 
Rules, there appears to be many shortcomings on board ships. 
It is so easy for short-circuit gas flows to be set up. For 
example, on one ship it was very easy for the emergency 
generator compartment to be filled with explosive vapour 
from the discharge of a vent header and a ventilation fan. I 
am not in favour of leading liquid relief lines into the vapour 
header systems. On many occasions the mast header has filled 
up with liquid cargo and discharged on to the deck. It is often 
thought that liquid discharges will evaporate by the time they 
reach the mast riser. This is not always true. The rate of 
evaporation is a function of the rate of heat transfer into the 
liquid, and this may be nullified by the rate of liquid discharge. 

The simple solution to this problem is to call for a plan of 
all ventilation trunking from the open deck together with the 
location of all vapour outlets to the atmosphere; and to 
request that the liquid be discharged through relief valves into 
a common accumulator and then either returned into the 
cargo tank, or boiled off to the atmosphere, or discharged over- 
board. 


Mr. J. B. DAVIES 


It is very interesting to read of the developments which 
have taken place during the six years since the paper Ref. | 
was written and we are indebted to the present Authors for 


the work they have done in giving us an up-to-date picture 
of this very topical subject. In 1962 it was remarked that 
“undoubtedly the main interest today is in the carriage of 
methane at atmospheric pressure and low temperature”, but 
the present paper shows how rapidly the technological situa- 
tion can be altered by new discoveries. 

There cannot be many types of ship where the tramp is 
more sophisticated than the liner but, in view of the facilities 
which must be provided if the tramp is to be able to accept 
the wide variety of cargoes which may be on offer, it is evident 
that liquefied gas carriers must be an exception to the general 
rule that the tramp is a simpler design than the liner. 

Figs. 5, 6 and 7 are said to provide a rough guide to the 
quality and distribution of ship material but I find it difficult 
to reconcile the temperatures quoted (and also mentioned half 
way down the opposite column) with those in D 7104 of the 
Rules. This paragraph allows the containment to be provided 
by the hull when the minimum cargo temperature is not below 
—50° C (—58° F); whereas sub-paragraph (a) on page 4 says: 
“this is acceptable at temperatures above —45° C”, and Fig. 5 
allows the arrangement down to —50° F. Perhaps the Authors 
could clarify this point. 

It is obvious that the membrane tank would find favour in 
the eyes of a designer since it makes maximum use of the 
available space, but to the Author’s comments regarding the 
shipbuilder I would add that if repairs should be necessary, 
they would certainly be outside the normal scope of a repair 
yard. 

To conclude, I would raise one minor point. In Fig. 1 the 
Authors have gone for an each-way bet and have given tem- 
peratures in both °C and °F, and pressures (absolute) in 
kg/cm®* and lb/in*. Thereafter they seem undecided and, while 
sticking to the Fahrenheit temperature scale in Figs. 2, 3, 4 
and 7, use lb/in* in Fig. 2, atmospheres in Figs. 3 and 4 and 
the Centigrade scale in the text. No doubt the diagrams have 
been taken from different references but the lack of con- 
sistency is somewhat confusing. 


Mr. J. GUTHRIE 


The Authors have given us a most interesting, comprehen- 
sive, and readable review of the problems associated with the 
transport at sea of liquefied and, in general, highly inflam- 
mable gases, and one would naturally assume that we of the 
inland ports would sit back and take a detached and passive 
view of the discussion. This is not so, of course, as in our 
dealings with the petroleum and chemical industries, we have 
seen how many of the problems confronting the naval archi- 
tect have been satisfactorily solved by the civil engineer. Scale 
effect, incidentally, has little to do with the question, as some 
tanks and pressure vessels built for land installations are con- 
siderably larger than any contemplated for marine purposes. 
The following points, therefore, are raised on the basis of a 
non-marine approach to the problems. 

Pressure vessel type tanks may be accepted for fairly high 
pressures at a carrying temperature of —30°C, without 
thermal stress relieving. Assuming they are built of carbon 
steel, would not stress relieving be advantageous? The tanks 
could be constructed in sections, locally relieved, and the final 
welds stress relieved in situ either by electrical means or, at 
worst, by pneumatic hammering in the old fashioned way. 

I was intrigued by photograph No. 2 of the interior of a 
membrane tank, and I would like the Authors to give some 
details of its construction. Is such a large number of corruga- 


tions warranted by the small degree of movement of the 
membrane relative to the main tank? 

The method, described by the Authors, of building up a 
lining by welding together a large number of small rectangular 
trays may be suitable for laboratory conditions but is not 
economically sound for site work. Sixteen-gauge stainless steel 
is not the easiest metal to weld, especially in the vertical or 
overhead positions, and it is a reasonable bet that by the time 
the trays had been delivered to their respective tanks in true 
shipyard fashion by being emptied out of the sling halfway 
down the hold, their adjoining sides would hardly form a 
good weld preparation. Add to this the fact that the pro- 
duction welding would be carried out at piecework rates and 
mainly on the night shift, and we obtain ideal conditions for 
a surveyor’s nightmare. Lastly, the Surveyor has to test all 
these welds with a halogen torch or similiar appliance from 
inside a closed tank: as the army pithily puts it, there is no 
future in that sort of job. 

Would it not be much easier to build up the membrane 
from long rolls of corrugated or dimpled stainless steel sheet 
with overlapping or interlocking edges easily fused together, 
on the principle of the York plumbing fixtures? 

Regarding tank material, the Authors concentrate quite 
rightly on the physical properties of the steels while appar- 
ently ignoring their anti-corrosive values, and I believe | am 
right in suggesting that there is no single material which 
would be suitable for the carriage of all of the gases men- 
tioned in the paper: even most stainless steels are not proof 
against ordinary sea water. Aluminium alloy is a possibility, 
but owing to its low melting point presents a hazard in the 
event of a tanker catching fire and the tank fittings just melt- 
ing away. One of the materials not mentioned for pressure 
vessels is stainless clad carbon steel, which combines strength 
and anti-corrosive properties in a simple design. 

Finally, I wish to thank the Authors for giving us such an 
unusual and thought-provoking paper. 


REPLY BY AUTHORS 


Mr. DAVIES 


Referring to the degree of sophistication found in vessels 
carrying liquefied gas cargoes, it is worth noting that there 
has been an even greater tendency to introduce ships capable 
of accepting cargoes under various conditions of temperature 
and pressure, and during the delivery voyage to change com- 
pletely the carrying conditions in order to prepare the cargo 
for the storage facilities at the receiving port. Such ships, in 
which the cargo is carried in pressure vessel type tanks, may 
accept a cargo at a temperature of —30°C and pressure of, 
say, 4 lb/in® and deliver it at + 10° C and 100 Ib/in®. 

Mr. Davies is quite correct in drawing attention to the need 
for standardising the nomenclature used on the various dia- 
grams—no doubt when metrication is finally introduced we 
can settle on °C for temperature and kg/cm? for pressure. 
The steel quality distribution shown in Figs. 5 and 6 is also 
acceptable for temperatures down to —50° C and Fig. 7 is 
acceptable for any temperature assuming the insulation to be 
sufficient to maintain the ship steel and temperatures com- 
patible with those allowed for in paragraph D 7104 and 
D 7105 of the Rules. Figs. 5 and 6, as stated, were drawn to 
represent two typical propane carriers and hence a tempera- 
ture of —50° F was indicated. 

The temperature quoted in sub-paragraph (a) on page 4 
should, of course, have been —50° C. 


It is agreed that the repair of a membrane tank would be 
outside the normal scope of a ship repairer. This, unfortu- 
nately, is also true of most other types of liquefied gas carriers 
where unusual materials and joining techniques have been 
employed in the construction of the tanks, and will almost 
always necessitate a return to the building yard. 


Mr. GUTHRIE 


It is of interest to have Mr. Guthrie’s comments and to 
hear his comparison between land division, or non-marine, 
and the type of installations talked about in the paper. The 
point is taken that many land based pressure vessels are larger 
than those contemplated for marine purposes, but it is not 
sufficient to assume that because such a vessel is acceptable 
on land it is equally acceptable at sea. No land based vessel 
is subject to the accelerations likely to be experienced from a 
vessel rolling 30° side to side and at the same time heaving 
and pitching. 

It is agreed that thermal stress relief could be beneficial for 
carbon steel tanks; particularly in the case of tanks which 
are intended to operate at low temperature. Proposals for 
local stress relief and stress relief in situ have been accepted 
by the Society. Mr. Guthrie will now, of course, be aware 
that heat treatment of all Class I pressure vessels is not a 
requirement of the Rules. (Paragraph J 439 of 1969 Notice 
No. | refers.) 

The construction of membrane tanks is exceedingly trying 
and is very much a case of assembling the tank piece by piece. 
The number of corrugations depends very much on how the 
membrane is retained in place and designs with fewer expan- 
sion pieces have been examined, but these invariably have 
very complicated end fittings and holding arrangements. With 
regard to the joining and assembly great care must be exer- 
cised, and the construction of the tanks demands a very high 
standard of workmanship and quality control—no night shift 
semi-skilled labour on piece work can be contemplated! 

The cargo tank material must, of course, be corrosion 
resistant to the cargo. This fortunately is no problem, as 
most of the cargoes carried, e.g. butane, butadiene, ammonia, 
propane, polypropylene, ethylene and methane, are non- 
corrosive to the aluminium or ferrous materials most com- 
monly used. Fortunately, it is only necessary to put water into 
the tanks when the tanks are hydraulically tested during con- 
struction, and even then alternative means will be considered, 
so corrosion from sea, or fresh water, is not an experience 
likely to be encountered. 

Aluminium is a very suitable material, and should the vessel 
have the misfortune to experience a fire in the region of the 
cargo tanks full of methane, say, and of sufficient severity to 
melt the tanks, it is thought that other catastrophic occur- 
rences would have happened before this position was reached. 

The foregoing, of course, is not true for pipes and fittings 
on deck and, on account of its low melting point, aluminium 
has not, to date, been accepted in the cargo handling system 
in this location. 


Mr. DoBson 


The general arrangement of liquefied gas ships depends on 
many parameters, but we can still not completely agree with 
Mr. Dobson’s reasons for providing a trunk. His reasons would 
apply equally well to methane ships, and yet, in general, 
trunks are not provided on such vessels. The tendency at 
present is, however, away from trunk decked ships, and 
increasing favour is being found for ships with bulk carrier 


type midship sections, Le. hopper side tanks and under-deck 
saddle tanks. 

The provision of deep tanks or double bottom tanks 
adjacent to the cargo tanks, capable of being flooded, is really 
a last line of defence and one which, it is anticipated, will not 
be used unless nearly complete failure of insulation and 
secondary barrier occurs. 

The prediction of steel temperatures, in association with the 
build-up of ice should a cargo tank be bilged and the adjacent 
cofferdams, wing tanks, double bottoms, etc., be flooded, is 
extremely complex and depends very much on the tempera- 
ture of the sea water and the degree of circulation maintained. 
if the tanks are circulated with sea water, rather than flooded 
and left to stagnate, then it is anticipated that the ship steel- 
work will be warmer than if no flooding took place at all. 
The Authors cannot agree with Mr. Dobson when he says 
that breakdown in the secondary barrier cannot be catered 
for and total loss must be accepted. Certainly a breakdown 
in the secondary barrier is not to be expected, but should this 
occur it most certainly does not imply a total loss, and with 
adequate flooding and circulation, and a quick discharge of 
the cargo, most emergencies can be catered for. 

As stated in the paper it is a requirement of the Rules that 
arrangements are to be provided which would enable the 
liquid cargo to be discharged overboard in an emergency. 

It must again be emphasised that mechanical stress relieving 
is not a requirement of the Society. Should it be required by 
some other authority, then, as stated in the paper, this will be 
taken into account in the design of the tanks. When this is 
done, then the two further proof tests proposed by Mr. 
Dobson are not considered necessary. After due consideration 
it is still felt that the reasons for having a Charpy V notch 
energy requirement of 35 ft.lb at the service temperature 
for pressure vessels are valid. This value must not, how- 
ever, be confused with the requirement for Grade D steel 
which is at a fixed temperature of 0° C. The tank steel energy 
requirement is at the service temperature, and holds good for 
any temperature. 

It is agreed that a case can be made out for having two 
tests to determine a material's acceptability, and it could be 
suggested that the Charpy V notch impact test should be used 
in association with a Pellini dropweight test. Experience has 
shown, however, that the Charpy V notch impact test is suffi- 
cient, particularly in association with an observation on the 
percentage crystallinity of the broken faces. It should also be 
remembered that the Pellini dropweight test, because of the 
difficulties in notch location, is least effective where most 
required, i.e. the heat affected zone. 

Quoting impact values in the paper for different sizes of 
pressure vessels was not meant to imply that there is any 
relationship between diameter and impact value; which, of 
course, there isn’t. However, the values quoted have been 


accepted by the Society and, so far as is known, have proved 
to be satisfactory in service. It should be remembered that, 
where considered necessary, all the smaller diameter pressure 
vessels are workshop constructed and thermally stress relieved 
on completion. 

Whereas it can be accepted that Charpy V notch impact 
specimens taken transversely to the direction of rolling gener- 
ally give lower values than those taken in the direction of 
rolling, it is not felt that this is the prime reason for accepting 
lower values in the weld, and the Authors prefer the reasons 
advanced in the paper. It is agreed, however, that a case can 
be made out for having four bend tests. 

Arriving at the pressure exerted on a tank support is rather 
akin to calculating the pressure on a particular block when 
docking a ship. Adequate safeguards are, however, provided 
by restricting the maximum compressive load to three-eighths 
of the compressive strength of the support material, and by 
ensuring that the supports are always in line with primary 
supporting members and close to the tank centreline bulkhead 
and side walls, and at the same time distributed in proportion 
to the volumetric capacity of the part of the tank above them. 


Mr. NAvaz 


Mr. Navaz is to be thanked for his remarks and it is of 
interest to have his views concerning the re-liquefaction of 
methane and returning it to the cargo tanks rather than using 
the boil off as a source of power or allowing it to vent to 
atmosphere. 

It is agreed that a class notation which has to cater for 
various working pressures at different temperatures may pre- 
sent certain operational difficulties, especially with regard to 
the setting of the safety relief valves. However, these diffi- 
culties are not considered to be insurmountable and until such 
time as low-temperature pressure vessels, of the size under 
consideration, have proved themselves in service, it is still 
considered that a greater factor of safety should be used in 
the design of these tanks when a secondary barrier is not to 
be provided. 

Referring to Mr. Navaz’s remarks concerning cool down, 
it is agreed that the purpose of the cool down of the tanks 
is to present the cargo tanks at the temperature of the cargo. 
This, however, must be done in such a way that the tanks are 
not unduly stressed, otherwise there would be no objection to 
merely pouring the liquid cargo directly into the tanks. It is 
appreciated that cooling coils would present a simple way of 
tank cooling, but it is arguable whether they are economically 
viable and, so far, have not found very much favour with 
owners operating liquefied gas ships. 

We agree with Mr. Navaz’s remarks regarding the desir- 
ability of leading liquid relief discharge lines to the vapour 
header via an accumulator tank and, in general, this would 
appear to be the present practice. 
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HISTORICAL 


When Maudslay and the elder Brunel agreed to design and 
build a machine for the manufacture of blocks for ships’ rig- 
ging in 1808 they little realised that the machine which they 
would devise would be the forerunner of the mass production 
machinery used in modern industry. 

As is often the case, necessity was the mother of invention 
and in this instance, due to the rate at which the Navy were 
building ships, the craftsmen who made the smaller items of 
equipment which were used in large numbers, were unable to 
keep pace. There were about 1700 blocks of various types on 
a “first rater”. 

The two engineers therefore decided to build a machine 
which would produce the blocks much quicker. Not only did 
they succeed in this but they also achieved another advance- 
ment in that the parts produced were almost identical. The 
mass production machine had arrived! 

It was not realised at that time that this technique could 
be readily adapted to other forms of manufacture and it was 
left to the Americans to further the process. 

During the American civil war several thousand rifles be- 
came unserviceable because the breech mechanisms which 
rapidly wore out could not be readily replaced. At that 
time skilled gunsmiths were employed to “hand build” the 
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replacement parts. The time taken was excessive and means 
had to be found to speed their manufacture. Machines were 
devised to mass produce the parts which were, because of the 
techniques employed, all interchangeable. Thus, the vital parts 
which were so urgently required were able to be replaced 
without the necessity of rebuilding the whole rifle. This was a 
tremendous step forward. 

In order that these parts could be manufactured to the 
same dimensions, gauges were made which ensured that the 
critical dimensions were consistently maintained. Although 
they were rather crude by modern standards they enabled the 
parts produced to be made at various factories and yet when 
fitted to rifles anywhere in the field, the parts were able to 
function satisfactorily. The control of Quality had begun. 

In 1855 Sir Joseph Whitworth headed a delegation to the 
U.S.A. to investigate the new methods of manufacture and on 
his return he set up an armoury at Enfield for the manufac- 
ture of small arms and ammunition using these techniques of 
mass production. In 1907, Henry Ford began to realise that 
if motor car parts were manufactured in batches not only were 
they identical but the method of manufacture was quicker. 
Time is money; and the reduction in costs, by using these 
techniques, could be passed on to the customer. Thus a 
cheaper though mass produced car, the Model T Ford, was 
put on the market. 

Further work using the technique of bringing the car to the 
parts instead of parts to the car led to the conveyor system 
being used in his factory in the States, thus line production— 
the forerunner of to-day’s methods—played a major part in 
the mass production of vehicles. 

It was soon realised that these methods could be applied 
to other items of manufacture and it was not long before 
most of the standard items of equipment in use at that time 
were being manufactured in this manner. 

The orderly production of precision articles which followed 
was suddenly interrupted by World War I which created 
demands for precision on an unprecedented scale. The task of 
producing guns, shells, fuses and other items of war in enor- 
mous numbers soon dwarfed the previous developments which 
had already begun to produce in quantity such devices as 
internal combustion engines, electric light bulbs and tele- 
phones. 

After the war the level of production soon exceeded that 
which existed during it. Entire new industries were born from 
the ability to achieve such precision—cars, electrical appli- 
ances, radio and domestic appliances were produced in this 
manner. In the chemical field the development of petroleum, 
plastics, and other synthetic products grew apace. 

By the time of the Second World War this sharply acceler- 
ated rate of production and precision was repeated. In addi- 
tion to those items of war previously produced in large 
numbers were added aircraft, tanks and rockets. Superimposed 
on all this was the equally vast undertaking of instruments and 
special devices which of necessity were highly precise in their 
manufacture and included radar, gyroscopes, aircraft instru- 
ments and the like. 


QUALITY CONTROL CONCEPT 

To ensure interchangeability, So that when worn or broken 
parts could be replaced without having to replace the whole 
unit, methods of consistently manufacturing to the same 
dimensions and tolerances had to be applied. 

More complex gauges were gradually introduced and it 
became the inspector’s task to ensure that the parts produced 
were acceptable to the gauges he used. Since the rate of pro- 
duction was often greater than the rate at which he could 
inspect, sampling inspection had to be applied. From these 
early requirements modern quality control methods have been 
developed. 

Resulting 
establishments 
measure of quality control to 
forms to specification. 

Where high precision items of equipment oF machinery are 
mass produced it is essential that the product be controlled at 
the various stages of manufacture and not after it is com- 
pleted, it is too Jate then, and if parts are found which are 
not acceptable, the cost of replacement becomes prohibitive. 

Likewise the raw materials and incoming supplies together 
with the finished product must be examined to ensure that the 
requirements regarding quality and reliability are met. 


from these techniques, modern manufacturing 
have considered it necessary to introduce some 
ensure that their product con- 


Quality of Design and Conformance 


Consider the Rolls-Royce and the Ford Escort cars, both 
perform the same basic function in that they convey persons 
from place to place by road. However, the specification for 
each is markedly different, the difference being basically one 
of the quality of design. 

Consider now the optimum quality of design (see Fig. 1). 
Above this optimum, the increased cost of achieving greater 
quality 
of the finished product. Below 


of design more than offsets the greater market value 
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Economics of quality of design. 


cost of manufacture is more than offset by still greater reduc- 
tion in value of product. 

Just as the firm is committed to a certain standard of 
quality once the materials, method of production and mach- 
ines have been chosen, so also will a certain standard of 
quality be associated with the design. If the quality depart- 
ment is consulted at the design stage considerable improve- 
ment may be made at the cost of relatively little effort. 

Much can be achieved from the examination of prototypes 
together with consultation and discussion regarding the stages 
when inspection should be conducted in relation to the process 
and in some instances suggested changes in design which, 
whilst not affecting the function of the product, will ensure 
that production is easier to control. 

There is also an optimum quality of conformance (see 
Fig. 2). Increased conformance reduces the losses due to 
defectives. However, the cost of controls needed for greater 


conformance rises in geometric progression as the approach 
to perfection. 


Total cost 
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Basic manufacturing cost 


Cost of quality control 
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Economics of quality of conformance. 


Thus, quality control begins at the design stage and con- 
tinues after the equipment or machine has been put into 
operation, involving the application of integrated control of 
product quality. If the design is not satisfactory the highest 
quality cannot produce product reliability. Similarly, without 
high quality in every component of a complex assembly, there 
can be no reliability even though the design be of the best. 

Total quality control is therefore characterised by its com- 
prehensive character and can be defined as that part of a 
company’s organisation designed to afford an integrated con- 
trol of product quality. 

There is no doubt that the present rate of high precision 
will continue to exist for some considerable time and to cope 
with the high production rate and complexity of the parts 
produced the methods of control have likewise developed, 
resulting in the present concept of total quality control. 


ECONOMICS 


Although quality control is an essential part of every manu- 
facturing concern it is nevertheless non-productive and as such 
is continuously under pressure from management to restrict 
its operational costs. It would, however, be false economy to 
curtail the function below the minimum required to maintain 
control. 

The mass production of all types of machinery and com- 
mercial articles has resulted in major changes in the economics 
of the factory organisation. This has led to an increased 
number of stages between designer and consumer with a 
correspondingly greater difficulty of communication between 
them. Time was when the producer and consumer were the 
same person; the present system of marketing has resulted in 
the producer being several stages away from the eventual 
purchaser or operator of the equipment. 

The modern factory is itself a very complex organisation 
and is often so large that the designer, production engineer, 
operator and inspector are all different persons in separate 
organisational groups. This of necessity has resulted in the 
introduction of written specifications, procedures and stand- 
ards to improve communication. 

Early industry knew little of modern precision and until 
the need for interchangeability the use of gauges and measur- 
ing equipment was not required. It was usual practice to make 
one part fit another and hence the name “fitter” for the skilled 
craftsman whose job it was to ensure that working parts 
were able to function satisfactorily when assembled. Even the 
precision measurement of length has been established only 
for the last 100 years or so. 

This increase in accuracy has had to be directed at such a 
pace as to tax the ingenuity of those responsible for instru- 
ment manufacture to enable this high degree of precision to 
be adequately measured. In addition, modern tendencies seem 
to rely on the adequacy of quality characteristics and of the 
achievement of these quality characteristics in manufacture. 

The basic manufacturing processes are planned by the pro- 
duction engineer who specifies the machines and processes by 
which the various operations are to be carried out; the type, 
number and sequence of operations, the speeds, feeds, tools, 
jigs and fixtures, the material preparation and the final fitting 
and assembly operation are all his concern. 

Normally, but not always, the cost of these operations and 
the necessary equipment are kept to a minimum for factory 
operation. Without them no product can be made or des- 
patched, they constitute the main part of the “standard costs” 


or “standard times” of the engineer or works accountant. 
They are unavoidable costs and it therefore becomes import- 
ant to distinguish between what is considered avoidable and 
what is unavoidable. 

The engineering costing will take into account the manufac- 
iuring cost, incoming material cost, unavoidable scrap (i.e. 
machine turnings, bar ends, setting scrap, etc.), plus an overall 
estimatetd scrap rate usually varying between 44 to 8 per cent 
depending largely upon whether the process is new, a re-run, 
or of higher than normal precision. 

The works accountant very reasonably assumes that opera- 
tions which are performed regularly are unavoidable whilst 
those which are performed irregularly can be defined as 
avoidable and thus reduced or eliminated. This is not neces- 
sarily so and care must be taken to ensure that in classifying 
costs consideration must be given to the engineering as well 
as the accountant aspects of its appreciation. 


Inspection Processes and Costs 


The meaning of the word “inspection” is difficult to define 
precisely but can generally be assumed to include: — 


(a) Interpretation of the specification. 
(b) Measurement of the part. 

(c) Comparison of (b) with (a). 

(d) A judgment of conformance. 

(e) Disposition of the part. 

(f) Recording of the data obtained. 


This sequence is normally followed regardless of the pur- 
pose of the inspection, and includes one or more of the 
following : — 


(a) Control sampling. 
(b) Acceptance sampling. 
(c) Operational sorting. 
(d) Corrective sorting. 

Corrective sorting is avoidable through better control of 
the manufacturing processes and operational sorting may be 
avoided by modifying the engineering processes, since in both 
cases the sorting is only necessary to prevent the larger cost 
involved in replacement or repairing the defectives found. 

In the case of large complex assemblies the final functional 
test is considered part of the basic cost although the fre- 
quency of test may be modified depending upon the test 
results, which in turn are indicative of the reliability of the 
product. Thus, as the reliability increases the test rate de- 
creases. 

Acceptance sampling can be considerably reduced by the 
close collaboration between sub-contractor and main contrac- 
tor or producer and consumer. In the former the frequency 
of sampling can be reduced by the main contractor if reliance 
can be placed upon the conformance of the incoming parts 
or materials from his sub-contractor until eventually very 
infrequent inspection of incoming parts is all that is required. 

Control sampling inspection should be considered an un- 
avoidable expense. It is a form of insurance for which the 
premium is modest in relation to the cost of failure (see 
Appendix I). 

Basically it includes the collection of information to mini- 
mise the frequency of defects and also all the methods by 
which the frequency of defects is minimised. These methods 
may be quite extensive. The cost of control could include 
the cost of analysing inspection records, investigating indivi- 
dual causes of defects, machine capability studies, preparing 
reports, etc. 
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Most of these costs are unavoidable except in the extreme 
instances where the cost of preventing defects rises to an 
amount greater than the loss which would have been caused 
by the defects thus prevented. 

The total of the avoidable costs is a most important factor 
in deciding : — 

(a) Whether the improvement of quality is a major company 
problem. 

(b) How large the improvement programme would need to 
be. 

(c) Which aspects require to be tackled and in what order. 

The computing of the necessary data and the method of 
presentation are all part of the function of the Quality Statis- 
tical Department. 

These can be considered by assessing what costs would 
disappear if all the defects disappeared. They can be classified 
as follows: — 


Tangible Costs (Factory Accounts) 

(1) Material scrapped or rejected. 

(2) Labour and overheads on scrap or rejects. 

(3) Material—labour and overheads necessary to re-work or 
replace scrapped or rejected parts. 

(4) Extra operations added to rectify rejects. 

(5) Overhead costs of production to replace scrapped parts. 

(6) Excess inspection costs. 

(7) Investigation of causes of defects. 


Tangible Costs (Sales Accounts) 
(8) Discount on sub-standard or down-graded sales. 
(9) Customer complaints. 
(10) Charges relating to guarantee or warranty accounts. 


Intangible 
(11) Customer goodwill. 
(12) Delays and stoppages due to defects. 
(13) Loss of morale in departments concerned. 


Although the factors stated are distributed over the whole 
of the quality aspect they are not uniformly distributed, e.g. 
it is quite feasible to expect that if the total scrap rate for a 
particular company be shared between the various machine 
shops it is not unlikely that a particular operation in a certain 
shop will account for 50 per cent of the total scrap for that 
period. Thus a small percentage of the quality characteristics 
always contributes to a high percentage of the quality loss, 
this enables the critical areas to be high-lighted for subsequent 
investigation and remedial action. 

The method of obtaining the knowledge to enable this cor- 
rective action to be undertaken is usually derived from the 
information stated on the “scrap ticket” which, if the organ- 
isation is adequate, will be collated by the quality control 
department and analysed. The results can then be processed 
by punched card or computer enabling statistical records to 
be maintained. 

This requires a “cause code” and great care must be exer- 
cised by the inspecting personnel to ensure that the correct 
interpretation of the fault is applied. The cost accountant 
can only produce factual analysis of costs of scrap by depart- 
ment, process, piece part or operator if the initial information 
on the “scrap ticket” is correct. 

Once the cost has been determined it is possible to decide 
whether or not it will be economical to eliminate the cause. 


ORGANISATION AND STAFF STRUCTURE 


Management Organisation 


If the control of quality is to start with the design of the 
product and end when the customer remains satisfied, the 
co-ordinator must hold authority over a very wide field. To 
do the job effectively he must hold a detached position and 
this can only be achieved by making him responsible to the 
Managing Director, or General Manager if the Company is 
divided into separate divisions. 

It is essential that he should not report directly to the 
Production Manager, or any Senior Staff member directly 
responsible for production. This is a necessary and mandatory 
requirement for all firms applying for works approval to 
Government Authorities, the Society, the Air Registration 
Board or any of the major approving Authorities. 

The organisation may vary from firm to firm due to the 
fact that the various managerial titles mean different things 
in different establishments and the products themselves cover 
a very wide range. Fig. 4 illustrates a general case which can 
be modified to suit particular requirements with respect to 
product manufactured or manpower available. 

The accent of the work of the Quality Manager is on the 
furtherance of quality which is achieved through liaison and 
planning, the routine quality control functions will form only 
part of the activities of his department. His terms of reference 
should include : — 


General 

Responsibility directly to the General Manager and there- 
fore well placed to contribute to management policy on all 
quality matters including co-ordination and liaison of quality 
programmes with other divisions, vendors and subsidiaries. 


Specific 

(a) Determine the organisation and equipment necessary to 
control quality. 

(b) Select, train and supervise the personnel necessary to staff 
the Quality Control organisation. 

(c) Plan measures of quality and prepare reports to manage- 
ment and others thereon. 

(d) Plan programmes to promote quality consciousness 
throughout the works. 

(e) Maintain close communication within the firm and in 
field problems taking effective and rapid corrective action 
where indicated. 

(f) Work closely with vendors to encourage the submission 
of high quality parts and materials. 

(g) Supervise the planning of inspection controls to assure 
satisfactory levels of quality in processing, storage, etc. 

(h) Represent the Company in all matters pertaining to 
quality. 


Liaison with other Departments 


By his terms of reference the Quality Manager has access 
to all departments but his authority is limited to the rejection 
or acceptance of parts or materials. In all other respects he 
will contribute an advisory service to the department con- 
cerned. 
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Typical quality dept. staff structure. 


For example, he may advise the Buyer that a certain sup- 
plier is not able to meet the required standard as well as 
another. To do this effectively may entail considerable travel- 
ling by members of the quality staff to the vendor firms who 
are supplying raw materials or bought out parts. This will 
establish whether or not each firm is equipped in both pro- 
duction techniques and inspection organisation to ensure com- 
pliance with the requirements. The time and expense will 
prove to be well worth while and result in considerable time 
saving in his own incoming inspection department and pos- 
sibly the prevention of subsequent delay in production should 
incoming supplies have to be returned to the Vendor. 

The Quality Manager may advise the Chief Designer of 
the results of his department’s examination of a prototype. 
Possible snags in production or failure to consistently meet 
specification may be anticipated and a remedy suggested, it 
is the designer’s prerogative to accept or reject the advice. 

A similar relationship may exist with the Sales Manager 
concerning visits to customers to discuss technical aspects of 
quality or, as is more often the case, dissatisfaction at the 
failure of a product to meet the customer’s requirements. 

The Production Manager may discuss machine or process 
capabilities; much information regarding machine perform- 
ance can be obtained from the correct application of a study 
of the machine’s capability to produce acceptable parts con- 
sistently. 


Qualifications 


The Quality Manager can only operate effectively if he 
possesses both discretion and determination. Ideally he should 
have a good technical knowledge of all the machines and 
processes, be well versed in inspection methods and techniques 
including gauging and metallurgy and should have a sound 
knowledge of statistical quality control and the right approach 
to sampling techniques. 

He must be of the right calibre to make decisions impar- 
tially and without prejudice to good relations within the com- 
pany. He must be a good disciplinarian and yet be sufficiently 
flexible in his approach to ensure compliance to requirements 
without offending the various department heads and thus 
straining relations between individuals. 


Staff Duties 


Quality Departmental internal structures will vary accord- 
ing to the technology and organisation of the individual 
company but assuming a moderately large organisation, the 
function of the various sections will usually centre around the 
Quality Engineering Department. The section head respon- 
sible for statistics needs to be well versed in statistical methods 
as applied to quality control and in the technology of the 
product. Likewise, the section head of the specifications 
section requires a similar knowledge but requires also a more 
detailed knowledge of the production techniques to enable the 
Inspection Instructions issued from his department to ade- 
quately cover the inspection of manufacture of the product 
through the various stages of machining and processing, etc. 

The investigation section will, in the main, be concerned 
with product improvements and the personnel in that section 
will be required to have a detailed knowledge of the perform- 
ance of the various items in the main assembly as well as the 
overall performance of the product. Field failures would also 
be dealt with, usually in conjunction with the project engineer 
responsible for the particular item in question. 


Other forms of investigation undertaken by this section are 
often associated with production problems or processes which 
are being newly installed. Results from such tests, taken over 
a period of time, give useful information regarding the satis- 
factory performance of new processes or machine tools. 

It is often thought unnecessary to involve the quality 
department in matters which are the concern of the produc- 
tion department. However, in an investigation into a unit or 
sub-assembly failure it would ensure an independent investiga- 
tion, which would be a better approach than if left to the 
department involved to solve the problem. In pointing out the 
operation or operator responsible for the fault it is more 
probable that an independent enquiry will be acted upon 
more readily even if only for its impartiality. If the informa- 
tion from the quality department, collected in the routine 
manner is examined, it can often give an indication which will 
enable the investigation to be channelled in the right direction. 

The responsibility of the quality department for this type 
of investigation is akin to that of a technical or engineering 
investigation department and once the reason for the failure 
has been established the remedial action rests with the depart- 
ment concerned. 


INSPECTION DEPARTMENTS 


Procurement of Parts and Materials 


Very few manufacturers make their entire product, the 
complexity and variation of the parts and materials is so great 
that the technical knowledge involved is beyond the capability 
of all but the largest organisations. 

It is usual practice to “buy in” most of the raw materials 
and in many instances certain finished items or even complete 
sub-assemblies. 

In order to ensure that these materials, e.g. castings, forg- 
ings, etc., as well as bar stock and finished parts conform to 
specification, it is necessary to have an incoming inspection 
department whose sole function is to ensure that all bought- 
out items conform to the acceptance standards required. 

Procurement sources must meet the standard for quality 
imposed within the company. It would do little good for the 
firm to specify rigid quality requirements within its own 
organisation if the sub-contractors from whom purchased 
parts were obtained whether they be sub-assemblies or even 
raw materials, were not controlled in a similar manner. 

It is generally accepted that the main contractor be held 
responsible for his sub-contractors’ compliance with require- 
ments and it is therefore important that they, the sub-contrac- 
tors, are adequately controlled and that incoming components 
and raw materials are inspected to the extent necessary to 
ensure that the requirements have been met. 

Where new suppliers successfully tender, the following pro- 
cedure should apply: — 

(a) The receiving and approval of samples. 

(b) Visit to the supplier to assess his inspection organisation. 

(c) Receiving and approving pre-production batches, or type 
approval as it is usually termed. 

(d) Reporting on batches. 

(e) Routine acceptance sampling. 


Provisional approval of supply should be given with the 
proviso that full approval will be given after, say, one year 
of satisfactory compliance. 
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Comparing the machine tolerance with the part tolerance determines 

the machine’s suitability for the job. 

(a) Capability index of 0°76 indicates the machine is totally un- 
suited to the job. ; 

(b) Capability index of 1:0 leaves no room for drift: the machine 
is not recomme nded for the job. 

(c) Part tolerance is 10% greater than machine distribution, 
making the machine adequate to do the job. 

(d) Parts remain acceptable even though the average of the 
characteristic drifts between Xi and X2. 


Both sub-contractor and main contractor require to know 
that the standard of acceptance is continually maintained. 
The degree of routine sampling will depend upon the reliance 
which can be placed upon the supplier. In the initial stages 
the batches of incoming parts will be sampled to a greater 
extent until a consistently high level of quality has been estab- 
lished. 

The level of inspection can then be gradually decreased 
until eventually a minimum amount of inspection is carried 
out. Ideally it should not be necessary to institute an incom- 
ing inspection at all, since parts received should conform to 
specification. This can rarely be expected, besides, incoming 
inspection serves the additional purpose of making the 
supplier aware that his product will be subjected to an inspec- 
tion upon receipt and he should be informed that if the 
acceptable number of rejects in any batch is exceeded the 
whole consignment will be returned to him as rejected. After 
all, why shouldn’t he have the task of sorting the acceptable 
from the defectives? 

To enable records to be maintained of the performance of 
all suppliers it is usual practice to introduce a vendor rating 
scheme. The results of the samples of batches of incoming 
parts are recorded graphically, after having been adjusted 
cumulatively to give a rating. In this way an indication can 
be obtained of the level of acceptance of all suppliers. 


This enables the purchased parts inspection department, 
through the quality statistical section, to inform the Buyer 
who can take the necessary action with a particular supplier, 
whose product quality consistently shows indication of falling 
below the level of acceptance. 

A point worth remembering in this respect is that where 
possible there should always be more than one supplier and 
also sufficient stocks in hand. This eliminates the unacceptable 
situation whereby if there is no alternative source of supply 
the probability of stopping production could occur if a con- 
signment of incoming parts was rejected. The inspection 
department then has the unenviable task of sorting the accept- 
able from the unacceptable to maintain production and the 
supplier has a strong case for inducing the Quality Dept. to 
accept something which is below the agreed standard and 
which would normally be rejected. 


In-Process Inspection 


The method of controlling the product on the shop floor 
to ensure consistently acceptable parts is one of the prime 
reasons for quality control. Where batches of work are 
progressed through the varying operations from the raw 
materials to the finished component, requires much thought 
and pre-planning, this becomes a joint operation between the 
Production Planning and Quality Engineering Specifications 
Depts. 

The batch card which is the document accompanying the 
work through the various stages of production must be com- 
pleted in detail, operation by operation, with stages between 
the appropriate operations for inspection. 

It is becoming increasingly evident that the present tend- 
ency in production technology is to make the operator respon- 
sible for the acceptance of his own product. This can be 
achieved by providing him with an Inspection Check Sheet 
detailing the dimensions or characteristics which he has to 
check and also the frequency of checking and the gauges to 
be used. 

To ensure that he carries out his job correctly it is usual 
practice to have a surveillance inspector whose job it is to 
patrol the area under his charge and to periodically check 
the operators’ work. 

The frequency being determined by the rate of production 
and the criticality of the operation. These will be obtained 
from the appropriate inspection procedure. 

In this way the surveillance inspector is enabled to spend 
more of his time in areas where there may be trouble spots 
requiring frequent inspection until such problems have been 
eliminated. 

Provision should be made on the batch card for the inspec- 
tor’s signature after each operation and it should be manda- 
tory that the batch of work cannot be moved to the next 
operation until he has signed to the effect that it is accepted. 

At the end of the operations the batch of completed com- 
ponents would then be subjected to a sample check by the 
line inspector, who would select a previously determined 
random sample of the components and inspect all the critical 
dimensions. This having been satisfactorily completed the 
batch would be accepted by the inspector and sent to bonded 
store awaiting the next stage in production or assembly. 


Sub-Assembly, Assembly and Test 

When components are released from stores prior to assem- 
bly it is good practice to have an inspector in the pre- 
assembly area to visually inspect the parts before assembly 


Form No. 480 QUALITY CONTROL DEPARTMENT Q.E. No. 105 
2nd Study 
MACHINE CAPABILITY REPORT 1st Study completed 6.10.67 


DEPT No. M/C No. Micro No. 3 OPERATION Track Grind 


M/C TYPE Cincinatti PART No. SR4SS /IR DATE 2.2.68 
MACHINE INFORMATION (10.55 a.m. - 11.40 a.m. 


Machine Cycle 
fipproached tea (.008)| 9 _| 
fioad & unload ‘| Hand | Pre-ground purt. 
Machine cycle «| 19 | 
ial ed 


RESULTS (Inches x 10-4) unless otherwise stated 
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cee rg (eal Me 
pea 


ees 
Becontateiey | wea | wae |) aos | ase | ps) [0 


216 
track/bore feecean jo pel ee Ee fare 0.3 


[Track radius |_| By [Projection foxm good] ieee! 
Ref: Q.E.105 
Problem:= Standard machine capability. 
Results:-— See attached charts. 


General: 

Since the first study which was completed 6.10.67 
Manufacturing Engineering have modified the tooling on this 
machine... This has resulted in an improvement in the standard 
of quality. Micro no.3 is therefore considered acceptable for 
track grinding on SR3SS inner rings. 


Q.E.no,105 is closed out. 


PREPARED BY APPROVED BY 
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Machine capability report (for brevity the charts are omitted). 


Mass Produced Containers. 
One of the first batch of containers released under the LLOYD’S REGISTER CERTIFICATION APPROVAL scheme. 


to ensure that they have not been damaged in stores or in 
transit. It is surprising the number of rejects which occur due 
to mis-handling or poor storage and if the parts are to be 
assembled, in say a “clean” area, it would be duplicating work 
if they were found to be damaged or corroded at the assembly 
stage. During assembly it should not be necessary to have 
inspectors on each of the assembly lines and it will generally 
be found sufficient to have one or two surveillance inspectors 
who periodically visually assess the assembly operations. 

Where the sub-assemblies require to be functionally tested 
the test personnel should be inspection staff, or if the number 
of test equipments is large and the part a minor one the 
supervisor should be a skilled inspector with perhaps semi- 
skilled or even female personnel to carry out the routine 
testing. 

The final assembly should be tested in the presence of a 
test engineer who will be a member of the quality team. Here 
again a written test procedure detailing all the relevant test 
criteria, should be available, preferably at each test station. A 
check sheet should be completed by the test operator for each 
assembly tested and countersigned by the inspection super- 
visor or test engineer on completion. 

It is appropriate here to discuss testing in general. Where 
sub-assemblies are mass produced it is inevitable that there 
will be several test stands or devices testing similar assem- 
blies. Each test stand will have inherent variables regarding 
time, capacity, pressure, cycles, etc., and in order to establish 
uniformity between them it is necessary to calibrate each in 
turn. The calibration is normally undertaken by the Quality 
Engineer who will furnish a report at the completion of the 
calibration. If each of the stands is calibrated by using the 
same “master” any variation would be inherent in that par- 
ticular stand and would be thus compensated in the final test 
procedure for that particular test equipment. 


However, it may also be necessary to have a series of test 
pieces or sub-masters which have been calibrated and which 
are known to have a specific rating, the rating of each of these 
sub-masters being suitably identified. These sub-masters are 
in turn periodically checked and recalibrated if required. 

In this way it is possible to ensure consistency of test data 
and all the products tested would conform to the same rating 
requirements. 


Gauge Laboratory and Gauge Inspection 


The Gauge Laboratory or Standards Room is an essential 
part of any manufacturing organisation which produces high 
precision mass produced items. 

The high rate of production prevents the inspection of all 
the parts produced and those which are inspected are normally 
checked using gauges. These are of the “Go and Not Go” type 
which, as the name implies, either accept or reject the com- 
ponent checked. It is not unusual to have tolerances of the 
order of + 0:0005 in. and it is generally uneconomical to 
manufacture limit gauges to a tolerance on the gauge of less 
than 0-00005 in. corresponding to a work tolerance of 0°0005 
in. Difficulty of manufacture increases as the tolerance 
decreases, difficulty of application also arises particularly in 
thin-walled sections or where surface texture is important. 

To enable the operator or inspector to measure to this 
degree of accuracy measuring instruments of the comparator 
type are rapidly superseding gauges in normal workshop use. 
This requires a higher degree of accuracy for the Standards 
Room measuring instruments which are used to ensure that 
the inspection gauges and instruments are themselves correct. 

The periodic inspection and calibration of all gauges and 
measuring equipment or other items of process control is 
essential in maintaining good control and standards which 
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Vendor rating graphical record. 


This procedure assigns a rating based upon the results of inspection of all batches of incoming supplies from a particular supplier. 
Each acceptable batch receives a rating of 10. Each rejected batch receives a rating of 0. Each batch which is subject to 100% 
inspection is given a rating from 0-10 which is derived from a graded table. 

The rating so obtained is applied graphically after adjustments are made to include the current cumuiative total. 
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oe [es 
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Material Specification and Unit Quanticy T Pattern No. Pt No Check 
2 1.3/4" x 2.1/4" x 3.1/2" PH Bronze 
B.S.1400 - P.B.3 | 0.0.2/L, 
at eC. 2/L.6/DR 
Rowe | T Tr) T 
ns |x [ta] ta [ia [us| x [os] 2] fine [Soil 
Remar SISIR Description of Operation Jigs and Toots [az] : 
——F — + 
Std Tools 


Mill tol.1/2"x2.1/32"x 3.1/4") 


Mark off positions of three threads 
Note 1/32" on 5/8" BSPface and 1/32" Std Tools 


lamp on angle plate. Pace. Dril} 
-Recess.Cone..Chamfer & Screw Std Tools 710357 


on plate. True up 3/8" BSP, 
tapping f 1/32" off, drille, 


Clamp on plate.True up 3/8"BSB 
Bess. turn dias to plus 1/16". 


Std Tools 


Std Tools 


ate off face & 3/8"BSP 


apping Finish Turn. Pace Dril Std Tools 


Std Tools 


Std Tools 


Std Tools 


The operator would be given the drawing and the 
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Component drawing, batch and progress card. 


batch card which would not normally include the set-up 
he machine shop progress card would usually be kept in 


operation times unless these were established. T 
the progress office. 
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Talyrond (out of roundness measuring machine.) 


10-6 in. 
10-6 


The accuracy of the spindle axis of this machine is 3 
enabling measurements of out of roundness of the order of 8 
in. to be obtained. 


control the measuring or gauging equipment must be avail- 
able. These standards should be periodically checked against 
National Standards which are themselves certified by an 
approved Society preferably the National Physical Labora 
tory (N.P.L.). 

Inaccurate measuring equipment can compromise the entire 
quality programme and may result either in the rejection of 
good parts or the acceptance of defective parts, particularly 
if limit gauging is used in, say, in-process inspection, and the 
tolerances are small. 

Records of the frequency of gauge examination need to be 
carefully vetted and a system for the periodic withdrawal of 
gauges from service should be instituted. If the Standards 


Room organisation is large, provision should be made for 
the gauge examiner to ensure that the gauges are properly 
used by the operators or inspectors on the shop floor. 

This department will also be responsible for independent 
inspection work and will often be called upon to act as an 
arbitrator when differences of opinion regarding the dimen- 
sional accuracy of rejected work may arise. In addition, all 
basic measuring equipment should be held here and proto- 
types requiring dimensional assessment using first principles 
are usually carried out in this area. Because of the high degree 
of precision and complexity of some of the parts produced in 
the modern factory it is not unusual to develop the measur- 
ing techniques in the Standards Room. After the method has 
been established and the gauging devised it can then be manu- 
factured and after final examination put into use on the shop 
floor. 

To operate satisfactorily this highly skilled department 
requires personnel of a very high calibre and training is 
essential to achieve this. 


Metallurgical Section 


If the firm has its own foundry it is usual practice to have 
the Met. Laboratory adjacent so that the testing procedures 
can be applied to the castings, etc., manufactured in the foun- 
dry with the minimum of delay. 

This section, under the direction of the Senior Metallurgist, 
is chiefly concerned with the routine testing of incoming 
materials to ensure that they conform to the material speci- 
fication regarding chemical composition and physical proper- 
ules. 

The Purchased Parts Inspection (P.P.I.) department will 
submit samples of incoming materials to the laboratory for 
analysis and test, the bulk of the material being held in bond 
until the test results are received. In this way material cannot 
be issued to the shop floor for further machining until it has 
been certified as satisfactory by the laboratory. 

It is not important which section keeps the appropriate 
records provided the incoming certificates are cross-referenced 
with the Metallurgical Laboratory reports; usually the Fore- 
man of the P.P.I. is held responsible for reviewing the records 
to determine which parts or material require to be submitted 
for laboratory tests. 

Another major function of the Metallurgical Laboratory 
is to control the production processes, e.g. heat treatment, 
Bonderite for aluminium treatment, Parco lubriting, etc. In 
those instances hardness checking or monitoring of the solu- 
tion strengths are carried out on a sampling basis, the fre- 
quency of which is decided by the process and the rate of 
production. 

Also, where structural failures occur in the field the labora- 
tory staff, together with the quality engineer from the 
Investigation section, may be called upon to examine the 
failure and report on their findings which will be included in 
the final report issued by the quality department. 


PROCEDURES AND MANUALS 


To enable the department to operate, documentation should 
be prepared which will contain all the standard operating 
instructions applying to inspection or quality personnel, 
appropriate extracts from these procedures need to be readily 
available to the inspector on the shop floor. There is much 
merit in having the inspection instructions typed out and the 


characteristics requiring to be examined dimensioned on a 
sketch of the component, together with the type of gauge to 
be used and the frequency of checking. This instruction can 
be placed in a polythene folder and retained at the inspection 
station or even at the machine. There can then be no excuse 
for failure to comply once the instruction has been issued. 

The preparation of such instructions is within the province 
of the quality control specification section which should circu- 
late the draft procedures to the relevant works departments 
concerned before final issue. If this is done, better assurance 
regarding co-operation and compliance will be forthcoming 
especially where “operator inspection” techniques are used. 

The compiling of a procedure manual will be the continu- 
ous task of Quality Specification section, it should cover all 
aspects of inspection from purchased parts to finished pro- 
duct. Details of the various test procedures including the 
methods of control together with the frequency of checks and 
the sampling techniques applied should all be stated. 

This is essential in establishing correct compliance and also 
because of the continual turn-over of labour. It is useless to 
rely upon the individual inspector to retain the information 
in his head, this tends to make him feel indispensable and if 
he leaves it is not an easy task to maintain continuity of 
procedures and methods. If, however, the information is 
readily available inspection can be transferred from one 
section to another with the minimum of delay. 

The task of keeping these procedures up to date is often a 
formidable one but the saving of time and mistakes on the 
shop floor can be appreciable. The firm which has an effective 
system of control rarely regrets the time spent in explicit 
documentation. 


REJECTION PROCEDURE 


Since the Quality department’s main function is to ensure a 
reliable product there will obviously be times when it is 
necessary to consider the sentencing of work which does not 
meet specification. 

Where parts are manufactured and deviations from speci- 
fication occur, it is the inspector’s job to reject them. A 
decision is then required regarding their sentence. If the 
deviation is a major one the parts will be scrapped. If, how- 
ever, it is of a less critical nature three possibilities arise: — 
(a) The parts may be scrapped. 

(b) They may be rectified. 
(c) They may be accepted as they are. 

If the decision, which is the joint responsibility of the 
Quality Engineer and the Design Engineer, is to scrap the 
parts no further action is required. If the parts are to be 
rectified the appropriate documentation should be raised with 
the production department, the parts suitably identified with 
a reject tag and once the rectification has been completed to 
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the satisfaction of the line inspector they can then proceed to 
the next operation. 

It is when it is decided that they be accepted “as is” that 
a problem arises. A “concession” has to be raised which 
should be authorised by the Quality Manager and endorsed 
by the Chief Design Engineer. The batch of parts should be 
suitably documented and records obtained of the various sub- 
assemblies into which they are built. The records to be held 
by the quality statistical department and periodically assessed. 

This serves a dual purpose in that if a field failure occurs 
the fact that the parts were deviations from specification can 
be taken into account in the assessment of the failure and if 
considered as a contributory cause, the rest of the assemblies 
containing the parts can be withdrawn from service. 

Secondly, the frequency with which the same characteristics 
occur can be assessed from the statistical records maintained. 
If the concession is for parts which are machined in the fac- 
tory it is not unlikely that the same deviation will occur at 
some future date. If it does the Production Manager will use 
the fact that the parts were acceptable previously in an 
attempt to have them accepted a second time. 

It must be made clear that the first occurrence was con- 
sidered an error and because of its minor nature and the 
urgency of the production requirements, the deviation was 
accepted. A decision is now again required to establish that 
either the parts are not acceptable and must be scrapped or 
the design drawing is to be modified to accommodate the 
deviation. In this way positive action is taken and a con- 
cession for the same deviation cannot recur. 


CONCLUSION 


In presenting this paper an attempt has been made to show 
the scope of a typical quality control organisation operating 
in a modern industrial establishment, where because of the 
rate of production and the excessive inspection costs it is not 
economically possible to examine in detail every part of the 
product manufactured. 

Yet by controlling the processes and inspecting at the criti- 
cal stages and at the correct level it is possible to achieve the 
same degree of reliability and conformance to specification 
of the finished product as would be obtained if 100 per cent 
inspection methods were applied. 

The techniques discussed are by no means exhaustive and 
may vary considerably within each organisation. However, 
the general policies are the same and an assessment of the 
quality control function can be conducted in a_ specified 
manner covering all the various aspects of control. Thus, by 
detailed examination of the Quality Control system operating 
in any manufacturing organisation it is possible to assess the 
capability of that manufacturer to produce a product which 
will consistently conform to specification. 
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OPERATOR INSPECTION INSTRUCTION SHEET 


SECTION.___ VIBRATION DAMPER OPERATION No. 20 FINAL 
PART INERTIA MEMBER MACHINE __WARNER & SWASEY 2AC AUTO, RELIABILITY DEPARTMENT 
a ae PART No. 175627 
PART No, ____ 175627 ___ Rev._B_ MACHINE No. : TAB. No. INSPECTION CHECK SHEET 
PART NAME INERTIA MEMBER 
PROCESS SKETCH ‘Dp’ ISSUE No. 1. _ VIBRATION DAMPER 


IN-PROCESS/FINAL CHARACTERISTIC 
CLASSIFICATION 


P.E.R. No. 640393 
REV: B 


CHECK SHEET 
ISSUE No. 1 


SHEET 2 OF 2 


EQUIPMENT USED 


*Baty' 2"-6"Cylinder Bore 


Gauge. Setting Ring D.G.112 
Gap Gauge D.G.118 


Bar Plug Gauge D.G.115 


Bar Plug Gauge D.G.116 


Ball Gap Gauge D.G.136/1 


Max. Variation 


Gauging Anvils D.G.137/1 


Mark 4 & 2 


Setting Bar D.G.138/1 Mark 3 
Vee Groove Gauge D.G.119/1 


Checking Fixture D.G.127/1 


Checking Unit D.G.128/1 


Setting Ring D.G. 130/1 


Zz 


Bore (.830" & .330" from Gauge 


Face) (.007" T.I.R.) 


+582"/.578" dimen. from Gauge 


CHECKING 
FREQUENCY 


Giiiearn eae. eo Mena en 
5.602"/5.598" dia. Bore at both ends | 2"-6" Bore Gauge| Sta. | 
ert 
5.232"/5.228" dia. 


your foreman immediately. 


IMPORTANT: Before marking with your inspection stamp 


Checking Fixture D.G.127/1 
Checking Unit D.G.128/1 


The above is the minimum inspection required. If rejects are located, contact your foreman for further instructions. 
If the P.E.R. No. or Rev: letter on the component drawing differs from the P.E.R. No. or Rev: letter on this sheet, contact 


Ensure that all inspected parts are identitied with the correct Part No.and country of origin, e.g., made 
in U.K. (cast or stamped on the part or alternatively marked on the ‘tag’ or package). 


SAMPLING PLAN 
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36° Angle of Pulley Grooves 


Special Instructions 
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Check all above dimensions after too! adjustment or change 
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Operator inspection instruction sheet. 


A typical page completed by the surveyor during a works survey. 


Are functional rig testing procedures and facilities 
satisfactory? 
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1?. How is rejected material identified? 
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18. Is there a formal procedure for handling defec 
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Yes / No * 
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——————————— 


INSPECTION GAUGES AND TEST 
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1. Are gauges and equipment inspected Wet Leer 
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Manufacturing quality evaluation document. 


The survey form is not a mandatory document 


but serves as a guide to the engineer conducting the survey to ensure complete coverage of the various requirements. 
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APPENDIX 


STATISTICS 

Statistics play a considerable part in the work of the quality 
department, the methods used varying from the graphical 
presentation of Frequency Tables, Control Charts and the 
like to the detailed formulation of Acceptance Sampling 
Tables and Techniques. 

It is not the object of this paper to present these methods 
in detail, but as several references have been made in the 
text with respect to sampling techniques it is thought appro- 
priate to offer some explanation as to their derivation. 
Acceptance Sampling 

The term “acceptable” means to what extent will defects 
be accepted in the accepted product. First reactions would 
normally be to say none! However, this is an unrealistic view 
and as previously stated there is no way known whether by 
detailed inspection or by sampling of assuring that the batch 
will be entirely free from defectives. Sampling always involves 
the risk that the sample will not reflect the conditions of the 
lot. Detailed inspection, apart from the added expense, has 
also shown that the inspector does not always find all the 
defects. 

In introducing a sampling scheme care must be taken to 
establish the Acceptable Quality Level (A.Q.L.) which is the 
“only just acceptable” quality. It is the poorest quality which 
can be considered acceptable as average production. It should 
be noted that it is the quality required in the product and not 
a description of the Sampling Plan in use. 

Operating Characteristic Curves 

These curves are a graphical representation of what the 
particular sampling plan can be expected to do in terms of 
accepting and rejecting batches of parts. 

They are computed from curves of probability (Thorndike) 
using Poisson exponential curves as the derivative where the 
quality (p) is small (less than 0-1) and the sample size is fairly 
large (over 16) but small compared with the lot from which 
it was drawn. 

To find the probability (Pa) that an incoming batch con- 
taining 2 per cent defectives will be accepted on the basis of 
a sample of 100 the following procedure applies: — 

Compute np=(100) (0°02)=2. 

Find the number at A at the lower edge of the curve 

(Fig. 13). 

Move upwards to B, the curve showing the largest number 

of defectives in the sample permitting the lot to be accepted 

from the plan (c=3); move to the left and find the pro- 

bability of acceptance at C. 

Record graphically this value 0°86 against 2 per cent as a 

point on the curve. 

Repeat for several points to enable the curve to be drawn. 

Computation of the probabilities by Poisson’s exponential 
is of long standing but it was Campbell who summarised 
them into graphical form. Subsequently Thorndike revised 
these graphs to facilitate their use in the areas (np) most used. 

There are, in fact, two separate acceptance viewpoints. One 
involves the probability of accepting or rejecting a specific 
lot having a definite quality (p). The other involves the 
probability of accepting or rejecting a lot drawn at random 
from a supply having a definite value (p). The probabilities in 


17 


the first case are shown as A risks and in the second B risks. 

The consumer is ordinarily most interested in the A risk 
since an individual lot requires his decision. Conversely, the 
producer can normally control only his process; which from 
his point of view samples, though drawn from various lots, 
are in effect drawn from his process. He is, therefore, inter- 
ested in the B risk he is taking in operating his process at its 
present level. 

To determine an operating characteristic curve on the basis 
of A risks, the hypergeometric series is appropriate. For this 
lot-by-lot protection the exact operating curve can be found 
by computing the probability of acceptance (Pa) for various 
possible values of incoming lot quality (p). 


It is first necessary to compute P,., P,, P., . . . P,,: 
(eo Ccx™ 
Po = 9 “y =probability of finding exactly 0 defec- 
Ch tives in sample. 
Go 
‘i = =probability of finding exactly | defec- 
Cr live in sample. 
eee oe 
= ce =probability of finding exactly 2 defec- 
Ch tives in sample. 
CAG 3 ‘ : 
P,,= ", = Probability of finding the maximum 
Ch number m defectives permitted for 


acceptance of the lot. 
where N=the number of articles in the lot. 
n=the number of articles in the sample. 
M=number of defectives in the lot=N,, 
m=maximum number of defectives in an acceptable 
sample. 
N—M-=number of good articles in the lot=N, 


n—m=minimum number of good articles in an accept- 
able sample. 


C=combinatorial symbol. 


For the A risk the probability of acceptance is then the 
sum of the computed values: — 


P,=P,+P,+P,+ ... +P, 


To determine a curve on the basis of B risks, it may be 
assumed that lots of size N are distributed about the process 
average quality (p) in a binomial series. In this case the 
exact operating curve is found by computing P, from the 
point binomial. P,, P,, P., ... now have different values 
from before. These are given by the successive terms in the 
series. 

va) 


nn 2,4n-2 n pm,yn-m 
(q+p)"=p"-++npq™! + or Pg... FER PMgn +... 


where p=fraction of defective articles in the process. 
q=fraction of good articles in the process. 

Once again’ Po =Pot-Patskat «i. bem 

The binomial computations require separate tables for 
different values of n (sample size) and p (fraction defective). 
Where p is small (less than 0-1) and n is large (greater than 
16) a further simplification can be made, since the probabili- 
ties associated with any value of np are virtually identical 
whether n is large and p small, or vice versa. This approxima- 
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Procedure for obtaining the operating characteristic curve. 


tion is known as Poisson’s exponential, or the law of small 
numbers, and consists of successive terms as follows: — 


P,»=e"? 

P=npe 
(np) 

P, ay a 
(np)™ 

P P) -np 

m m! 


where e=2'718+-[base for natural logarithms]. 


The summation of these terms is given directly and easily 
by the Thorndike curves without need for calculation. 


Fortunately there is little numerical difference between 
operating characteristic curves based on A and B risks if the 
sample size n is less than 1/10 of the lot size N. In most 
practical cases this fact permits use of the Thorndike curves 
to obtain a reasonable approximation of either. 


THE COMPARATIVE ADVANTAGES AND DISADVANTAGES OF 
SINGLE, DOUBLE AND MULTIPLE SAMPLING 


Acceptable to the 
Manufacturer 


Number of parts 


: at Single 
Characteristic Sampling 
Gives only on 


accept the lot 


Generally the 


inspected per lot largest 
Administration costs Lowest 
training, personnel, 

records, drawings, etc. 

Information about the level Most 


of the quality in each lot 


Double Multiple 
Sampling Sampling 
e Adequate May be considered 


opportunity to 


Usually (but not 
always) 10°, to 
50°% less than 


indecisive 


Generally less than 
double sampling 
by about 30°% 


single sampling 


Greater than 


Largest 


single sampling 


Less than 


Least 


single sampling 


ITEM 


Acceptable 
quality 
level 


(A.Q.L.) 


Acceptance: 
operating 
characteristic 
curve for: 


Attributes, 
method of 


Batch (Lot) 


Control limits 


Critical defect 


GLOSSARY OF TERMS 


DEFINITION 


The maximum per cent defective (or maxi- 
mum number of defects per hundred units) 
that, for the purpose of sampling inspection, 
can be considered acceptable as a true process 
average: e.g. percentage defective for (stated) 
probability of acceptance: e.g. producer’s risk. 
The operating characteristic curve of a samp- 
ling inspection plan is a curve showing the 
probability of acceptance of a batch, as a 
function of batch quality. 

Measurement of quality by the method of 
attributes consists in noting the presence or 
absence of some characteristic (attribute) in 
each of the units in the group under con- 
sideration and counting how many do or do 
not possess it. 

A definite quantity of a commodity manu- 
factured by one supplier under conditions of 
manufacture that are presumed uniform. 
Limits on a control chart used as criteria for 
action or for judging the significance of varia- 
tions between samples or sub-groups. 

A defect that judgment and experience indi- 
cate is likely to result in hazardous or unsafe 
conditions for individuals depending on, using, 
or maintaining the product. 


Critical 
defective 


Distribution 
curve 
Distribution 
function 


Frequency 
distribution 


Inherent 
reliability 


Inspection 
by 
attributes 


A unit of product that contains one or more 
critical defects and may also contain other 
defects. 

The graph of cumulative frequency as ordin- 
ate against the variate value as abscissa. 

This function F(x) of a variate x is the total 
number of occurrences of members with vari- 
ate values less than or equal to x. As a general 
rule this total is taken to be I, so that this 
function is the proportion of members having 
values x: e.g. frequency function. 

A presentation of the relationship between the 
values of a characteristic and their frequencies 
or relative frequencies. The distribution is 
generally presented as a table with special 
groupings (class intervals) if the values are 
measured on a continuous scale: e.g. distribu- 
tion function. 


The theoretical reliability which is dependent 
solely on the quality of design and assumes 
perfect quality of manufacture and correct 
use in the field. 

Determination of quality by the method of 
attributes consists in classifying a certain 
characteristic of each item of a sample or 
population into two or more categories and 
counting the number of items in each cate- 


gory. 


Inspection 
by 
variables 


Inspection 
level 


Lot tolerance 
per cent 
defective 


Operating 
characteristic 
curve 


Point of 
control 


Process 
average 


Quality 
assurance 


Determination of quality by the method of 
variables consists in measuring and recording 
the magnitude of a characteristic for each of 
the items of a sample or population. 


A level that governs the amount of inspection 
for a batch or lot size. 


The incoming fraction defective (or number 
of defects per 100 units) that the consumer is 
willing to accept with a very small probability 
of occurrence: e.g. acceptable quality level: 
e.g. consumer’s risk. 


The operating characteristic curve of a samp- 
ling inspection plan is the curve showing the 
probability of acceptance of a batch, on the 
ordinate, plotted as a function of batch 
quality, on the abscissa. 


A point on the operating characteristic curve 
with ordinate 0°5; used as a rough summar- 
izing quantity of the curve. 


Random 
sample 


Rational 
Sub-Group 


Sampling 

Process average is average percentage defec- distribution 
tive (total of defectives divided by total num- 
ber of units of product), or average number Warjance 
of defects per hundred units (one hundred 
times number of defects divided by total 
number of units of product), whichever is 
applicable, found in the product submitted by 
a supplier for original inspection. ender 
The provision of evidence or proof that con- inspection 
tractual requirements for quality have been Master 
met. In a manufacturing company, the func- 
tion usually includes the overall supervision 
of the quality control system. 
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